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The thesis entitled ""Studies on Inorganic and Organic Ion 
Exchange Materials and Their Applications to Environmental 
Analysis", is organized into following five chapters: 
i. General Introduction 
ii. Synthesis, characterization and ion exchange properties of a 
new inorganic ion exchange material: Zirconium (IV) 
iodooxalate 
iii. Synthesis, characterization and analytical application of 
Zirconium (IV) selenoiodate: a new cation exchanger. 
iv. Synthesis and characterization of Zirconium (IV) 
iodovandate and its use as electron exchanger. 
V. Adsorption behaviour of Hg (II), Pb (II) and Cd (II) from 
aqueous solution on Duolite C-433 
The first chapter gives the general introduction of the earlier 
works related to the topic. A critical review of synthetic inorganic 
ion exchanger and organic ion exchangers with their applications 
in different fields is given. The literature survey is up-to-date 
consulted through available journals . A part of it is presented in 
the tabular form for the purpose of comparison. 
The second chapter describes the preparation and properties 
of zirconium (IV) iodooxalate. The material has been synthesized 
by adding a mixture of O.IM zirconium (IV) oxychloride solution 
in different volume ratios at pH 1.0. The material has been 
characterized on the basis of pH titration chemical composition, 
thermogravimetric studies and FTIR study. The chemical stability 
of the material was tested in different mineral acids, organic acids 
and bases. The ion exchange capacity of the material for various 
cations has been studied. The ion exchange capacity for Na^ ion 
was found to be 2.70 meq/gram dry exchanger. For the analytical 
util i ty of this, the sorption studies of various metals in distilled 
water and nitric acid has been studied and it was found that the 
material was selective for Ca (II) ion. 
The third chapter deals with the synthesis and 
characterization of zirconium (IV) iodovanadate and its use as 
electron exchanger. The materials was synthesized by adding a 
mixture of aqueous solution of 0.1 M potassiumiodate and O.IM 
sodium metavanadate to aqueous solution of 0.1 M zirconium 
oxychloride solution at pH 1.0. The materials has been 
Ill 
characterized on the basis of pH titration, chemical composition, 
thermogravimetric analysis, FTIR, and X-ray diffraction. The 
material, was found to be fairly stable in lower concentration of 
HCl, HNO3, H2SO4 and also quite stable in organic acids. The ion 
exchange capacity of zirconium (IV) iodovanadate for the Na"^  was 
found to be 2.20 meq/gram try exchanger. The material has been 
used as electron exchanger. The oxidation of Fe (II), Sn (II), 
ascorbic acid and thioglycolic acid was achieved by batch 
equilibrium technique successfully. The maximum redox capacity 
of the ion exchanger has been found to be 4.20 meq/gram of 
exchanger by column process. 
The fourth chapter deals with the synthesis, characterization 
and analytical application of zirconium (IV) selenoiodate. The 
materials has been synthesized by adding a mixture of aqueous 
solution of O.IM potassiumiodate and O.IM sodium selentite to 
aqueous solution of 0.1 M Zirconium oxychloride. The ion 
exchange capacity of the material for various uni and bivalent 
metal ions has been studied. The material possesses good ion 
exchange capacity for K"^  as 3.20 meq/gram dry exchanger. The 
material has been characterized on the basis of chemical 
composition, pH titration, FTIR and thermogravimetric analysis. 
IV 
The extent of dissolution of the material in different mineral 
acids, organic acids and bases has been tested. Thermal stabili ty 
of material was also studied by heating it at various temperatures. 
The sorption behaviour of some metal ions in distilled water and 
nitric acid has also been studied was established by achieving the 
quantitative separation of Pb^^ from other metal ion on small 
column zirconium (IV) slenoiodate. 
The last chapter deals with the adsorption behaviour of Hg 
(II), Pb (II) and Cd (II) from aqueous solution on synthetic resin 
Duolite C-433. The adsorption of these metals was performed at 
different temperatures the freundlich isotherm was studied and 
various thermodynamic parameters such as Ko, AG°, AH° and AS» 
were also evaluated. The study shows that the maximum sorption 
of Hg (II) was found on Duolite C-433 as compared to other 
studied metals. 
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INTRODUCTION 
Beginning from its invention ion exchange has glorified the 
field of analytical chemistry. It is one of the most versatile 
techniques of separation science. At present it is a standard 
analytical tool and is widely used in organic, inorganic and 
biochemical separations. 
The ion exchange technique can be applied to both micro as 
well as macro analysis and may serve even for the routine 
separations. All over the world numerous ion exchanger plants are 
in operation for developing the separation of various mixtures of 
inorganic, organic and biochemical interest. In laboratory ion 
exchangers are being used as an important tool to solve new 
problems that are placed by our scientists and industrialists. The 
use of ion exchangers on large scale may provide pure water and 
may be useful for the concentration and extraction of important 
metals and raw materials, which are becoming more and more 
difficult to produce. Rapid and accurate determination of 
constituents of a sample, contaminants of alloys with 
multicomponents, pharmaceuticals, biology substances and fission 
products of radioactive elements have become possible by the use 
of ion exchangers. 
The ion exchange phenomenon was recognized by two 
agriculture chemists Thompson [1] and Way [2-3] in the soil by 
the name of base exchange who reported that when a soil was 
treated with either ammonium sulphate or ammonium carbonate, 
most of the ammonia is adsorbed and calcium released. The 
process could be formulated as follows: 
Ca^^ -Soil + (NH4)2S04 ^ ^ NH%-Soil + CaS04 (1.1) 
The phenomenon of base exchange was systematically 
studied to be reversible and to involve equivalent quantities of the 
base taken up and of that released, nevertheless, it was recognized 
as the important phenomenon to soil fertility. It was established 
by Eichorn [4] that zeolites were responsible for this exchange in 
soil. According to Lemberg [5-6] and Weigner [7] the material.-; 
responsible for this phenomenon were mainly zeolites, clays, 
gluconites and humic acid. 
In 20 century, majority of chemists believed that the base 
exchange was nothing but it was a sort of adsorption. Strong 
support to ion exchange came out with the synthesis of materials 
from clay, sand and sodium carbonate by Gans[8-9]. He used 
processed natural zeolite to an industrial scale based on scientific 
knowledge and technical maturity. First extensive use of 
greensand zeolite on an industrial scale was made by Harms and 
Rumpler [10]. Determination of ammonia from urine employing a 
synthetic zeolite was carried out by Follin and Bell [11]. The use 
of these materials was however, limited in analytical chemistry 
due to their dissolution in acidic medium and peptization in 
alkaline medium. 
An investigation for stable ion exchange material was 
started to overcome the limitations possessed by zeolites and 
clays. Sulfite cellulose was used as ion exchanger for the 
determination of copper from water by Kullgren [12]. An 
interesting discovery began in 1935 when Adams and Holmes [13] 
found that crushed phonograph records exhibit ion exchange 
properties. They synthesized cation and anion organic ion 
exchangers from phenol and formaldehyde followed by synthesis 
of resin from polystyrene by D'Alcelio [14]. These organic 
exchangers exhibited improved properties over the formerly 
known ion exchange materials. These resins consist of three 
dimensional network of polymeric chains cross linked with short 
chains containing ionizable functional groups. These resins have 
higher ion exchange capacity, chemical stability, uniformity and 
provide reproducible response. Organic exchangers may be 
cationic, anionic or amphoteric. Organic ion exchangers are 
generally referred as ' r e s ins ' . These resins have been used in 
laboratories and industries for separations, metal recovery and 
water purification. However, these organic exchangers also suffer 
from certain limitations. They are unstable in aqueous system at 
high temperatures and in presence of ionizing radiations. 
The advent of nuclear technology initiated a search for ion 
exchange material that would remain stable at high temperatures 
and in high radiation fields. Inorganic ion exchangers of some 
selected type possess these properties and hence have good 
application in the treatment of industrial and radioactive waste, 
and processing of radioisotopes in nuclear technology. Further 
researchers shown their application in determination and 
separation of metal ions under ordinary conditions also. They 
have been found useful in the preparation of ion selective 
electrodes and as packing material in ion chromatography. 
Analysis of rocks, minerals, alloys and pharmaceutical products 
have been done using these materials. 
Most of these materials possess the following qualities to be 
practically useful: 
1. They have good ion exchange capacity 
2. They are virtually insoluble within a reasonable wide pH 
range. 
3. They have high selectivity for certain metal ions. 
4. They show rapid sorption and elution behavior. 
Systematic and fundamental studies on inorganic ion 
exchange materials originated in 1943 with the discovery of 
Zirconium phosphate [15] and its application to the separation of 
uranium and plutonium from fission products. Zirconium 
phosphate is perhaps the most studied synthetic inorganic ion 
exchanger. It has also been reported to be useful as adsorbent in 
the portable kidney device [16]. It was further studied by many 
workers [17-21]. 
A literature survey shows that inorganic ion exchangers have 
become an established class of materials of great analytical 
importance. Several monographs and reviews published in this 
field have summarized the advances taken place from time to 
time. Most important of which are Amphlett [22-23], Fuller [24], 
Marinsky [25], Quereshi et al [26-27], Varshney et al [28-3 1], 
Clearfield et al [32-33], Abe et al [34], Aberti et al [35], Ivanov 
et al [36], Terres-Rojas et al [37] and Szirtes [38]. Dyer has dealt 
with the theories involved in zeolite molecular sieves [39-40] 
which have direct relevance to the principle underlying the 
inorganic ion exchangers. Synthesis and applications of inorganic 
ion exchangers have been reviewed by Walton [41-44]. Recently 
development of ion exchange resins with their applications have 
been reviewed by several researchers [45-47]. A historical 
prospective of ion exchange technology has been given by Kunin 
[48]. The inorganic ion exchanger developed till 1972 are 
reviewed by Vesely and Pekarek [49-50]. During the last three 
decades a large number of inorganic ion exchangers have been 
synthesized and studied for their analytical applications. Some of 
them are given in Table- 1.1 
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Ion exchange is considered as a reversible process in which 
cations or anions are exchanged stoichiometrically between the 
ion exchanger and solution phases, when they are placed in close 
contact with each other. When an ion exchanger in counter ion A 
form is placed in a solution of another counter ion B form then 
ion exchange process may be written as 
A+B ^=^ B+A (1.2) 
Where the barred quantities refer to exchanger phase and 
unbarred to the solution phase. Depending upon the ability of 
material to exchange cation or anion, it is called either cation 
exchanger or anion exchanger. A material capable of exchanging 
both cations and anions is termed as amphoteric ion exchanger. 
The selectivity of an ion exchanger is affected by the nature 
of its functional group and by the degree of its cross linking. If 
the degree of cross linking increases this enhances its selectivity 
behaviour towards ions of different sizes. An increase in cross 
linking also decreases the swelling property of material . Ion 
exchangers containing weakly acidic and basic groups are highly 
selective towards hydrogen and hydroxyl ions. Ion exchangers 
containing groups, which are capable of complex formation with 
some particular ions, will sorb these ions strongly. 
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The fundamental principles underlying all ion exchange 
applications are based on a few facts involving the exchange 
reactions: 
i. Donnan exclusion-the ability, under most conditions, of the 
resin to exclude one kind of ions but not, undissociate 
substances. 
ii. Equivalance of exchange. 
iii. Selectivity or affinity. Preference of the exchanger for one 
ion relative to another, including cases in which the 
differing affinities of the ions modified by the use of 
complexing or chelating agents. 
iv. Screening effect- the inability of very large ions or polymers 
to be sorbed to an appreciable extent (partly because of a 
slow rate of uptake). 
V. Ionic mobility restricted to the exchangeable ions and 
counter ions only. 
vi. Differences in migration rates of absorbed substances down 
a column- primarily a reflection of differences in affinity. 
vii. Miscel laneous-swell ing, surface area, and other mechanical 
properties. 
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On the basis of chemical characteristics inorganic ion 
exchange materials may be classified as:-
1. Hydrous oxides of polyvalent metals. 
2. Acidic salts of polyvalent metals. 
3. Insoluble ferrocynides. 
4. Alumino silicates. 
5. Salts of heteropolyacids. 
Hydrous oxides are of particular interest because most of 
them can function as both cation and anion exchangers and under 
certain conditions both cation and anion exchange occur 
simultaneously. These substances are mostly amphoteric and their 
dissociation may be schematically represented as follows: 
M-OH ^ ^ M V O H - I (1.3) 
M-OH .^M-O+H"^ II (1.4) 
(M represents the central atom) 
Scheme I is favoured by acidic conditions, when the 
subsistence can function as an anion exchanger and scheme II by 
alkaline conditions, when the substance can function as a cation 
exchanger. Near the isoelectric point of the oxide, dissociation 
according to both schemes can take place and both types of 
exchange may occur simultaneously. 
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Acidic salts of multivalent metals are formed by mixing the 
solution of salts of III and IV group elements of periodic table 
with the more acidic salts. These salts act generally as cation 
exchangers. These are gel like or micro crystalline materials and 
possess mostly a high chemical, thermal and radiation stability. 
Insoluble ferrocyanides can be precipitated by the metal salt 
solutions with H4[Fe(CN)f,], Na4[Fe(CN)6] or K4[Fe(CN)6] 
solution. They are used in various analytical applications due to 
their high selective ion exchange behaviour, chemical stability 
and mechanical stability. They are also stable in acidic solutions 
upto a concentration of 2 M. 
Alumino silicates have been divided into three main groups as 
i. Amorphous substances. 
ii. Two dimensional layered aluminosilicate as synthetic 
analogous of clay minerals. 
iii. Three dimensional structure arising from a frame work of 
[Si04]^" and [A104]^". 
Out of different categories of the inorganic ion exchange 
materials, that received much attention are the hetropolyacid salts 
such as ammonium molybdophosphate; complex cyanides; various 
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acid zirconium salts such as: phosphates, molybdates and 
tungstates; hydrous oxides of silicon, stannic (IV) and zirconium 
(IV) and also a number of basic salts of metals in high oxidation 
state particularly zirconium and titanium. These materials show 
high selectivity for alkali metals in acidic medium [203]. Other 
materials such as uranyl hydrogen phosphate [204-205], 
manganese (IV) oxyhydrate [206] and clay minerals [207] have 
been found useful for separation of some metal ions by cation 
exchange mechanism. 
Chelate exchangers may be obtained by incorporation of bi 
or polydentate ligands on ion exchanger matrix. The complex 
agents form chelate with metal ions with the high degree of 
selectivity. The selectivity of most complexing agents reside 
predominantly in their ability to form chelates with certain ions. 
The maximum efficiency in the separation can be achieved by 
varying the pH. Therefore the interest was developed towards the 
studies of chelate ion exchangers, where complexation equilibria 
play an important role, such studies can be directed to the 
following categories-
a) An ion exchanger is used in appropriate metal ion form and 
complexing agent is present as solute in liquid phase. 
b) An exchanger containing a complexing agent functional 
group attached to the matrix, is used and the metal ion is 
present in the liquid phase. 
c) The solid phase is chelating and liquid phase also contains a 
complexing agent as solute. 
Implementation of the first and second possibil i t ies will 
involve directly the metal complex equilibria, but in heterogenous 
phase, where as the third possibility is mainly advantage of 
chelate exchange system. Bayer [208] and Blasisu [209] made 
successful efforts in this field. The chelating ion exchangers may 
provide a convenient technique for the analytical concentration of 
many of the more interesting trace elements from natural water 
and collection of toxic elements from industrial waste water. The 
analytical utility of these materials have been reported by other 
workers [210-214]. A study on synthesis and analytical 
applications of chelate resins has been reviewed by Hiroaki [215]. 
Amongst the new developments in the field of inorganic ion 
exchange materials, intercalated compounds have played an 
important role. These compounds can be synthesized by 
introducing some amino group or organic molecules in the matrix 
of inorganic ion exchangers. Intercalation is concerned with the 
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layered crystalline structure of some synthetic inorganic ion 
exchangers such &s the insoluble salts of tetravalent metals. 
In the process of intercalation, neutral polar molecules are 
inserted between the sheet of a layered insoluble compound. The 
process will occur if some concomitant factors are satisfied in 
particular. 
1. The interclation of guest molecules with the host matrix 
must be stronger than the mutual intercalation of molecules 
with themselves. Thus, the surface of the layers of the 
intercalating agent should possess active sites with which 
the guest molecules can interact. 
2. The layer must spread apart to accommodate the guest 
molecule. Thus, the interlayer must be weak and the 
stacking of the layer should be such that not to create steric 
hindrance to the free diffusion of the molecules. Owing to 
the steric hinderance the intercalation process requires an 
activation energy. 
The intercalating properties were discovered by Michel and 
Weiss [216-217]. Zirconium phosphate has a number of superior 
properties as compared to other intercalating compounds. The 
layered structure of Y-Zr(HP04)2.H20 was given by Clearfield and 
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Stynes [218]. Studies on intercalation behavior of layered 
phosphate led to the conclusion that various kinds of polar 
organic molecules can be absorbed in interlayer spacing of ion 
exchange materials. Amine intercalated compound has also drawn 
much interest due to its ambiguous use. Intercalated compound of 
a-zirconium phosphate with hexamethylenetetramine (CH2)6N4 has 
been prepared and characterized [219]. The elaborated studies of 
intercalation chemistry of Zirconium phosphate have been 
reviewed by Hasegawa and Tomita [220], Biswas et al [221] 
studied the intercalation of primary amines to y-zirconium 
phosphate benzenephosphonate and intercalation of an 
amphiphilic azobenzene derivative into the interlayer space of 
clay was carried out by Ogawa et al [222]. 
For a complete description of a material as an ion 
exchanger its physical characterization should be made on the 
basis of following essentially required properties. 
I. Ion exchange capacity 
II. Resistance towards acids and bases 
III. Chemical composition 
IV. Potentiometric studies 
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The most fundamental property to characterize the ion 
exchange material is its ion exchange capacity. The accepted way 
of characterizing the ion exchange capacity is given by the 
number of ionogenic groups per specified amounts of the ion 
exchanger in H^ or CI" form exchanger. This is a characterist ic 
constant of the ion exchange material and is independent of the 
experimental conditions. Other definitions are also used for 
various types of capacities, which depend on experimental 
conditions. For strong ion exchangers simple ti trimetric method is 
usually sufficient to determine ion exchange capacity. Various 
types of capacities can be determined in different manners. The 
equilibrium ion exchange capacity for a strong ion exchanger is 
determined by direct titration of the cation exchanger (in H^ form) 
with a strong base. Since majority of synthetic inorganic ion 
exchangers behave as a weak ion exchanger and therefore, the 
direct titration method is not reliable. In such cases ion exchange 
capacity is determined by replacement of hydrogen ion from the 
exchanger phase by the counter ion of a neutral salt solution and 
then determination of the equilibrium ion exchange capacity is 
done by pH-titration. The maximum ion exchange capacity is 
equal to the number of ionogenic groups per specified amount of 
the exchanger and may be determined by simple column operation. 
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In this method the electrolyte solution is passed over the ion 
exchanger in H"^  form at a slow rate and the liberated acid is 
titrated with a standard base solution. Although the ion exchange 
capacity of solid ion exchanger can be determined in several 
ways, a gravimetric method offers for many ion exchangers the 
advantage of relatively high accuracy with a very simple 
equipment. This method is based on the difference in weighing 
without any chemical determination of ions. 
Breakthrough capacity i.e. the useful capacity for utilizing 
the column operation is of importance when the rate of exchange 
is slow. The rate may be so slow that the total capacity may not 
be utilized in an actual operation. The operation is discontinued at 
breakthrough before reaching the complete equilibrium. This 
capacity which is utilized until breakthrough occurs is known as 
breakthrough capacity or dynamic capacity. It depends upon 
operating conditions and is lower than the equilibrium ion 
exchange capacity. 
The resistance of the ion exchange material to reasonable 
concentration of acids and bases is an important parameter to 
check both its strength and limitations. 
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The ion exchange materials may behave either mono 
functional or polyfunctional. This behavior of ion exchanger can 
be determined by potentiometer ti trations. The shape of the 
titration curve indicates whether the material is monofunctional or 
polyfunctional. Such curves on zirconium phosphate with alkali 
earth metal hydroxide have been studied by Alberti et al [223]. 
They also observed that zirconium phosphate prepared either by 
the refluxing or by direct precipitation procedure, exhibit similar 
X-ray diffraction pattern but possess different ion exchange 
behavior. 
The studies of the ion exchange materials can be developed 
on the basis of following points: 
a. Distribution of counter ions between the exchanger and 
solution phase. 
b. Thermodynamics. 
c. Kinetics. 
d. Analytical applications. 
The distribution of an ion between exchanger phase and 
solution phase can give direct measure of their relative 
selectivity. Often, the ion exchanger take up certain ions in 
33 
preference to other counter ions present in the solution. The 
selectivity is an important factor for the study of separations and 
it may depend mainly on: 
i. Donnan potential 
ii. Size 
iii. Complex formation. 
The affinity of an ion exchanger for a counter ion A is given 
quantitatively by the distribution coefficient, KD, which is defined 
as-
-^  _ Number of milh equivalents of A in exchanger phase/gram 
Number of milli equivalents of A in solution phase/mL 
The distribution coefficient is a practical guide to the 
separation procedure. By determining the KD values under a 
variety of experimental conditions, it is possible to select most 
suitable condition for separating small quantity of various ions. 
The general use of distribution coefficient is made in the elution 
technique used in the separation. The rate at which ions move in 
an exchanger column depends on their distribution coefficient 
values. 
Thermodynamics is an appropriate means of describing the 
theoretical behaviour of ion exchange equilibria. Equil ibria 
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between ion exchanger and solutions can be described in general 
by means of rigorous thermodynamics. This requires no models 
and assumptions about the mechanism of ion exchange 
phenomena. However, rigorous thermodynamic treatment gives a 
minimum of information about the physical course of phenomena; 
therefore its practical utility is restricted. An interpretation in 
terms of the underlying physical forces requires a model. The 
properties of any particular model are reflected in forms of the 
equations obtained and usually also in the physical interpretation 
in which these equation lead. This suggests that there are a 
number of different theoretical approaches. Two most appropriate 
theoretical approaches are usually applied for this purpose. 
In the first approach more and more elaborate models are 
designed' for deriving equations which reflect the action of 
various physical forces. These models have particular properties 
resembling those of ion exchangers. This approach gives a 
semiquantitt ive picture to understand the physical course of this 
phenomenon. However, the choice of the model is crucial and 
every commitment to a model with particular properties means a 
deviation from rigorous thermodynamics. 
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In second approach various attempts have been made to 
correlate the activities with some measurable quantities in a 
thermodynamic equation. The earliest approaches were based on 
semi empirical or empirical equations to fit in the experimental 
results. Probably the first quantitative formulation of ion 
exchange equilibria was made by Gans [224]. For this purpose he 
used the law of mass action in its simplest form, without 
involving the concept of activity coefficient. This concept was 
extended by Kielland [225]. He expressed the activity coefficient 
of the ions in exchanger phase in terms of a constant and the mole 
fraction of the ions in exchanger phase. Gaines and Thomas [226] 
gave a general treatment using an expression for the calculation 
of thermodynamic equilibrium constant which is a suitable choice 
for this purpose. 
The ion exchange process at equilibrium may be written as 
A+B'5=^B+A (1.5) 
Where the barred quantities refer to the exchanger phase and 
unbarred to the solution phase. The thermodynamic equilibrium 
constant for this reaction is expressed as-
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Where Y represents the activity coefficient of ions in 
exchanger phase and / the activity coefficient of ions in solution 
phase. K gives an information about the preferential uptake of 
counter ions by the ion exchanger. 
The free energy change of the ion exchange reaction is 
obtained from the thermodynamic equilibrium constant K using 
the equation 
AG = - R T In K (1.7) 
Where R is the universal gas constant and T is the absolute 
temperature. 
The selectivity of ions is governed by the lowering of free 
energy of the system. The thermodynamic studies of alkali metals 
on some inorganic ion exchange materials were performed in our 
laboratory [227-230]. The ion exchange equilibria of amino acids 
has been reviewed by Zuyi [231]. An equilibrium study of ion 
exchange fibre and drugs was investigated by Jaskari et at [232]. 
A strong anion exchange resin was used for studying the amino 
acids equilibria by Zammouri et at [233]. 
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Although, the thermodynamics is usually means for 
investigating the conditions at equilibrium; it does not give any 
information about the mechanism of ion exchange process and the 
time required for the change of one state to the other. For this 
purpose kinetic studies are performed which explain these factors 
satisfactorily. 
The kinetics is the time dependent study. The rate of 
reaction governs the kinetics of simple homogeneous reaction 
which depend upon the concentration of the reactants. 
AX + BY • Product (1.8) 
(1.9) 
Here K is the rate constant, [X] and [Y] are the concentration of 
the regarding species and a and b are their orders. 
Since, ion exchange is different from such chemical 
reactions. These are in solid phase and thus constitute a different 
phase than the solution phase. Hence ion exchange kinetics is 
different than the homogeneous reactions. Ion exchange kinetics 
involves three types of processes as: 
1. Interdiffusion of counter ions in the adherent film: the film 
diffusion controls. 
R = K [ X f » [ Y f 
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2. Inter diffusion of counter ions within the exchanger bead 
particles: The particle diffusion control. 
3. Chemical exchange reaction between two types of counter ions. 
The kinetic studies of ion exchange were first attempted by 
Nachod and Wood [234]. They studied the rate of reaction with 
which ions from solution are removed by a solid ion exchanger. 
Boyd et at [235] studied the kinetics of metal ions upon the resin 
beads and gave a clear understanding about the particle and film 
diffusion phenomena which govern the ion exchange process. The 
kinetics of metal ions on sulphonated polystrene was studied by 
Reichenberg [236] who confirmed that at high concentration. The 
rate is independent of the ingoing ions (particle diffusion) while 
at low concentration by film diffusion. 
Recently, new models have been developed and more 
extensive studies have been performed on ion exchange kinetics. 
Cuviller and Rondeloz [237] have investigated the kinetics of 
exchange between monovalent and multivalent counter ions under 
a charge surface. Kinetic studies on some inorganic and chelate 
exchanger were performed by Rawat et at [238-242]. The kinetics 
studies on titanium phosphate [243], zirconium alumino 
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phosphate [244] and kinetics of ligand exchange of anion on 
chelate exchanger [245] were also studied. 
The analytical application of ion exchange materials 
continue to increase at exponential rate. Newer areas of 
applications are actively being sought day-by-day. Some 
important applications are cited here in the following areas: 
1. Water pollution- Water purification. 
2. Removal of interfering ions. 
3. Softening of water. 
4. Production of deionized water. 
5. Recovery of precious metals. 
6. Catalysis. 
7. Separation of metal ions. 
8. Separation of organic and biologically important substances. 
9. Gas chromatography, Electrophoresis and solid state 
separations. 
10. Preparation of ion selective electrodes and ion exchanger 
fuel cell. 
11. Location of end point in ti tration. 
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12. Specific spot test. 
The field of environmental pollution has assumed perhaps 
the great importance in our daily life. Though air pollution, soil 
pollution and water pollution are equally important, water 
pollution has always commenced greater interest. Water pollution 
is increasing continuously due to industrialization and 
urbanization. Ion exchange technology is employed for removing 
the toxic species, when present in ionic form. Purification on 
large scale can be made by passing the sample solution through 
ion exchange bed, which takes up certain materials in preference 
to others. Holl [246] studied the eliminations of heavy metal 
trace from waste water. The study on wastewater treatment using 
a novel ion exchanger was investigated [247]. Removal of heavy 
metals from metallurgical process and wastewater with selective 
ion exchanger was performed [248]. The preparation of ultrapure 
water using ion exchange resin has been reviewed by Hiroyuki 
[249]. 
The removal of one or more interfering ions by replacement 
with an innocuous ion is an obvious application of ion exchange. 
This technique can also be utilized to recover traces of useful 
elements from dilute solution. In recent years, the use of ion 
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exchange materials in wastewater treatment was carried out by 
several persons [250-253]. 
Exclusive of water treatment one of the major fields of 
application of ion exchange has been and is likely to continue to 
be in concentration and recovery of precious metals. A 
l-(2-pyridylazo)-2-naphthol sorbed zinc silicate [254] has been 
used for the recovery of Pt"*^  and Au'^*. Also a method has been 
developed for recovery of silver from Laboratory waste [255] and 
waste residue [256]. Punishko [257] reviewed the development of 
ion exchange technology for precious metal recovery and its 
implementation in commercial application at Goldmine. 
Ion exchange being a concentration and separation technique 
finds its use in water analysis to concentrate the trace quantities 
and separate [258-260] one substance from the other. Ion 
exchange is especially advantageous for the separation of metal 
ions with similar properties for which specific methods are not 
available. For example alkali and alkaline earth metals are always 
difficult to determine in a mixture, but can be readily separated 
on an ion exchange column. Ion exchange column now provides 
pure rare earth compounds on commercial scale. 
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The versality of ion exchange methods has been proved by 
achieving the separation of organic and biologically important 
substances such as amino acids [261-262], nucleic acid [263], 
proteins [264], alcohols [265], phenols [266], amines [267], and 
hydrocarbons [268]. 
The catalytic properties of ion exchange materials have been 
known and employed commercially for many years. Early workers 
found that various naturally occurring zeolites were effective as 
catalyst for certain oxidative reactions. The esterification of 4-
hydroxybenzoic acid using ion exchange resin as catalyst [269] 
was carried out. Chang-Hau et al [270] have investigated catalytic 
preparation of dimethylfumarate by strong acidic ion exchange 
resin. 
Ion exchangers are also useful in gas chromatography, solid 
state separations, electrophoresis, location of end point in 
t i trations, specific spot test, and preparation of ion selective 
electrodes. A review on inorganic ion exchangers for ion selective 
electrode is given by Coetzee [271]. Recent application of ion 
exchangers has emerged as their use in preparation of fuel cells. 
The ion exchanger fuel cells have many advantages over other 
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such as their low cost, pollution free operation, regenerative 
nature and easy reaction condition. 
A redox ion exchanger fuel cell was studied in our 
laboratory [272]. A cation exchanger fuel cell has been used by 
Fugita et al [273]. Recently, development of ion exchanger 
membrane for fuel cell has been reviewed by Ichiro [274]. 
Adsorption is a natural process. It is one of the most 
enchanting areas of chemistry. 
Adsorption is of two types physical and chemical called as 
physiosorption and chemisorption, respectively. When molecules 
are adsorbed to a solid surface essentially by physical forces it is 
reffered to as 'physiosorpt ion ' while 'chemisorpt ion ' involves the 
bond formation during the adsorption of molecules on a solid 
surface. Several mechanisms have been proposed for adsorption 
such as vanderwal l ' s attraction, hydrogen bonding, hydrophilic 
bonding, charge transfer, ion exchange and ligand exchange. In 
physiosorption there is vaderwaal 's interaction between the 
surface and adsorbed molecules. These are weak interactions and 
the amount of energy released during the physiosorption is of the 
order of 25Kjmor ' i.e. enthalpy of condensation. The energy can 
be adsorbed by the vibration of lattice and is dissipated as heat. A 
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molecule bouncing across the surface will loose its kinetic energy 
and stick to a surface resulting in the temperature rise of the 
system i.e heat is evolved. In chemisorption the molecules stick to 
the surface, as a result of formation of chemical bonds and tend to 
find the site that increases their coordination number with the 
temperature. Thus, the energy of attachment is in the range of 40-
200 Kjmol"'. 
For a spontaneous process, AG should be negative. As the 
species is adsorbed, there is a reduction in its translational free 
dom. So, AS is also negative. Hence AH must be negative. If AG = 
AH- TAS is to be negative and a negative AH corresponds to the 
exothermic process. But sometimes the adsorbate dissociates at 
higher temperature, thus leading to breaking of bonds and high 
translational mobility on the surface, in that case enthalpy is 
small and posit ive. 
To study and understand the nature of adsorption of a 
particular system, plotting of isotherms is most convenient way. 
The isotherms are obtained by plotting the adsorbed amount 
against the equilibrium concentration at a particular temperature. 
Thus, different types of curves are obtained. These are classified 
as: 
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I. Langmuir isotherm or L curves. 
II. S. type of isotherm. 
III. High affinity isotherm or H curves. 
IV. Constant partition or C curves. 
Langmuir isotherm indicates that molecules are adsorbed on 
the flat surface or some times vertically oriented with strong 
intermolecular majority in case of adsorption from dilute 
solutions. S type curve indicates the vertical orientation of the 
adsorbed molecule at the surface. The initial part of curve shows 
that the more solute is already adsorbed and it is easier for the 
additional amount to become fixed. The high affinity curves are 
obtained when the solute penetrates into the solid more rapidly 
than does the solvent. Such type of curves are obtained for the 
partition of a solute between two immicible solvents. 
The different models for adsorption applications to both 
gases and liquids, are available in l i terature. They are, however, 
being discussed in brief as follows: 
Langmuir Model: 
Langmuir proposed 
Ce 
A.™ K 
X Ce .(1.10) 
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Where Ce is the equilibrium concentration, Xm is the 
amount adsorbed per specified amount of adsorbent. K is the 
equilibrium constant and b is the amount adsorbate required to 
form a monolayer. Hence a plot of Ce/ Xm vs Ce should be 
straight line with a slope equal to 1/b and 1/K x 1/b as intercept. 
Freundlich Model: 
According to this model 
Xm = K X Ce' '" 
In Xm = InK + 1/n X In C ( I l l ) 
Where all the terms have usual significance and C is an 
empirical constant, thus a plot of InxXm Vs In Ce should give a 
straight line with a slope equal to 1/n and intercept gives the 
value of In K. this model deals with the multilayer adsorption of 
the substance on the adsorbent. 
The most commonly studied adsorbents are alumina, silica, 
cellulose and carbon. They are mainly used for adsorption of 
phenols, organic acids, hydrocarbons, alcohols, dyes, pesticides 
and other pollutants. 
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In the light of the literature cited earlier, it has been found 
that many ion exchange materials like inorganic exchangers, 
organic resins and zeolites are also used as adsorbents. 
(Table 1.2.) The adsorption of toxic metal ions and radioactive 
elements from aqueous solution using natural and synthetic 
zoelites has been reviewed by Gladysz- Plaska et at [275]. 
In addition to the materials mentioned so far a number of 
other types of exchangers have been developed called 'Electron 
exchangers ' and 'Redox ion exchangers' . The electron exchangers 
may be considered as solid oxidation and reducing agents. They 
are resins with a cross linked hydrocarbon matrix. They contain 
the species as quinone / hydroquinone forming a redox couple. 
The electron exchanger can be regenerated by a suitable reducing 
(or oxidizing) agent after having been oxidized (or reduced) by a 
substrate. 
These redox couples are held by the ion exchange resin. The 
redox ion exchangers are easily prepared from convenentional 
cation or anion exchangers. Duolite S-10 is the commercial redox 
ion exchanger. Some important redox exchangers studied earlier 
are summarized in Table 1.3. 
Table 1.2 Some ion exchange materials lised as adsorbents. 
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S. No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Material 
Duoli te ES-467 
Duoli te GT-73 
Levextre l Resin N 
503 
Amberl i te CG-50 
Ambcrl i te IRA-68 
Amberl i te XAD-7 
Duoli te ES-467, 
DU-101 and C-264 
IR 200EX 
Biorex-63 
AB - 16GS 
Duoli te A-113 
Dowex 50W-X8 
AV-17MS 
Anion exchanger 
SAN-1 
Anion exchange 
resin l ike AN-31 , 
AV16G and 
Amphoter ic ion 
exchanger ANKB-
1 and ANKB-2 
Adsorption of 
Sorption kinet ics of Ga 
from Liquor 
Heavy metal 
Fe 
M n - \ C u ' ^ and Cd^* 
Metal Chelates of 
EDTA 
F e " , Au '^ ' 
U ' " and Fe^-" 
Base metals and 
Precious metals 
U ' ^ Th '^ and Fe '^ 
Colour removal from 
Sugar Juice 
Univalent ions 
D2O 
SDS from Industr ia l 
waste 
Boric acid 
Ru (804)2 from Cu-Ni 
ore leaching solut ions 
Other Studies 
-
Break through 
curves 
-
Gibbs - Donnan 
Model 
Langmuir 
i so therm 
Langmuir 
i so therm 
-
-
-
-
-
Bet i so therm and 
AG evalua t ion 
AS and k ine t ics 
of Sorpt ion 
-
Re fe rence 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
Continuec 
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S. N o . 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
M a t e r i a l 
Strongly basic 
onion exchanger 
Crossl inked 
polyacry lamidoxi 
meresin 
Dowex 50W-X8 
and Amberl i te 
IRC-50 
Aminomethylene 
phosphonic acid 
resin 
Submicosized 
strong acidic resin 
Chela t ing resin 
conta in ing 
d i lh iocarbamate 
group 
Macroporous 
weakly basic 
anoin exchanger 
AN-221 
Resins with -
NHCSzNa, 
(NHCS2)2 groups 
Semichala te CR-Z 
A-Zeol i te , X-
Zeol i te , 
Mordenl i te 
Zeol i tes 
Bentoni te 
Mordent i te 
Montmor i l lon i te 
A d s o r p t i o n of 
Phenol 
Uranium from acidic 
solut ion 
Nicot ine , Nicot inamide, 
Pyridine and anil ine 
Dy^* 
Gentamycin 
U from Sea water 
Phenol from Blood 
Adsorpt ion of Cu, Zn, 
Ni, Co, Ag, Hg, Cd, Pd, 
Au 
Cr**, from waste water 
Fatty acids like 
heptonic acid and oleic 
acid 
Sr, Cs, Np and Pu from 
radio act ive waste 
solut ion 
Phenols , Cu "^^  and Ni^^ 
H2O and CfiHs 
P b ^ \ and Cd "^^  
O t h e r S t u d i e s 
Freundl ich 
isotherm 
-
-
-
• 
-
-
-
-
-
Langmuir and 
BET equat ion 
were Studied 
-
R e f e r e n c e 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
Continued 
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S. N o . M a t e r i a l A d s o r p t i o n of O t h e r S t u d i e s R e f e r e n c e 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39. 
Activated carbon 
Fly ash china day 
Silica 
Silica gel 
(potass ium fluoro 
phalogophi te) 
Ti tanium 
ant imonate 
Stannic 
a rsenos i l ica te 
Ferr ic ant imoni te 
Zrp 
T iO: 
X - alumina 
Phenols 
Cat ionic and Anionic 
Dyes 
Cr*"^  from aqueous 
solut ion 
Methylene blue and 
Ethidium bromide 
Cd 2 + 
U'"^ and Th '^ 
Carbofuran 
H\ L i ^ Na\ K- 'and 
Na-Ba, Mg, Ca, Sr 
U from ni tr ic acid 
solut ion 
Amino acids , l ike 
leucine, a lanine , 
pra l ine , lys ine , 
cyste ine phenyla lanine 
and glutamic acid 
,2 + Mn^", Z n ' \ C o ' \ Ba 
and Ra^^ 
2 + 
Kinet ic s tudies 
Freundl ich , 
langmuir and 
frumkin model 
Dis t r ibut ion 
coefficient 
Freundl ich 
isotherm 
Adsorpt ion 
thermodynamics , 
Freundl ich 
isotherm, K, 
AG°, AS°, AH° 
K, AH°, AS°, 
AG° were 
calcula ted 
K, AG°, AS°, 
AH°, were 
ca lcula ted 
Kinet ic s tudies 
305 
306 
307 
308 
309 
310 
311 
227 
228 
312 
313 
314 
Continued 
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S. No. 
40 
41 
42 
43 
44 
45 
46 
47 
48 
Material 
oc - Mno2 
Zinc monoxide 
Molebdnum 
trioxide 
Lead dioxide 
Stannic oxide 
Ferric oxide 
supported on 
Silica 
Calcium 
phosphate 
Hexacyanoco-
baltate (III) 
Bismuth 
tungustate 
Adsorption of 
cd'\ co'^ Mn'^  Ni^ ^ 
and Zn^^ 
Alkaline earth metals 
Alkali metals 
Co^\ Cu^^ and Pb^^ 
C1",C10/,S02",H2P04" 
.NOj and HSO4" 
Air components 
Coal gas and low 
temperature natural gas 
from biomass 
Coloured Solution from 
sugar product 
Cs" 
Organic acids 
Other Studies 
Langmuir 
isotherm 
Langmuir 
isotherm and 
calculation of 
apparent heat Q 
was calculated 
-
-
Freundlich 
isotherm 
-
-
-
Adsorption 
isotherms 
-
Reference 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
Table 1.3 Some Redox Exchangers. 
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S. No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Redox Exchanger 
Polystyrene based redox resin 
Phosphomolybdovanadic acid 
Tetra chlorohydroquinone 
Tetra chloroquinone 
P-benzoquinonemelamine-copolymer 
Alkali and nickel ferrocyanide 
Phosphotengesto vanadic acid 
Zeolite aluminosilicate 
Zirconium peroxide meta trnugstate 
Redox polyamphotytes based 
polyaminoquinone 
Redox Capacity 
(meq/gram) 
-
0.318 
-
-
4.00 
-
-
-
-
-
Reference 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
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The behaviour of redox ion exchangers and electron 
exchangers is similar to that of the soluble oxidation-reduction 
couples. The redox potential of a couple into resin is not 
significantly changed. They posses some advantages over 
dissolved oxidizing or reducing agents. 
The most important advantage is their insolublity and hence 
they can be easily separated from the solution containing a 
substrate being oxidized or reduced. No contamination of the 
solution by these exchangers and solution phases, except for the 
redox reaction of the substrate, is a change in pH. Another 
advantage is that they can be readily regenerated after the use by 
a suitable reducing or oxidizing agent. 
Redox exchangers and electron exchangers are characterized 
by their redox capacity, redox potential and rate of reaction. The 
redox capacity is the amount of a substrate being oxidized or 
reduced by a specified amount of the exchanger and is expressed 
in terms of the milliequivalents per gram of dry resin. The 
reaction rate determined the time required for the redox process 
under a given set of conditions. The time potential indicates 
which substrate can be reduced or oxidized. 
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The redox potential of couple in solution is defined as the 
electric potential difference between the solution of the redox 
couple and the standard hydrogen electrode is not possible. 
The present work includes the studies of three newly 
synthesized zirconium based inorganic ion exchangers such as 
zirconium (IV) iodooxalate, zirconium (IV) iodovanadate and 
zirconium (IV) selenoiodate. The zirconium (IV) iodooxalate was 
studied for its various ion exchange properties. The zirconium 
(IV) iodovandate has been studied and used as electron exchanger. 
The oxidation of Fe (II), Sn (II), ascorbic acid and thioglycolic 
acid were achieved by batch equilibrium technique successfully. 
The analytical applications of zirconium (IV) selenoiodate have 
been established by achieving the quantitative separation of pb^* 
from other metal ions on its small column. The adsorption 
behaviour of toxic metals such as Hg (II), Pb (II) and Cd (II) on 
synthetic resin Duolite C-433 has also been studied. The sorption 
studies were made on different temperatures. The various 
thermodynamic parameters such as standard free energy (AG°), 
standard enthalpy (AH°) and standard entropy (AS°) changes were 
evaluated. 
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2.1 I N T R O D U C T I O N 
During the last few years inorganic ion exchangers have 
firmly occupied their own position among the ion exchange 
materials. A rapid development in nuclear energy, 
hydrometallurgy of rare elements, water pollution and 
environmental analysis has enforced attempt to find new 
inorganic ion exchangers with enhanced selectivity, thermal 
stability, chemical stability, and ion exchange properties. The 
selectivity and ion exchange properties of a material depend 
considerably on its chemical composition. It is therefore, 
always interesting to synthesize new materials and to study 
their ion exchange behaviour. 
Zirconium phosphate type cation exchangers have been 
extensively studied and are well known for their excellence as 
ion exchangers and for other chemical applications [1-2]. Such 
materials are used as sorbent for NH^ removal in portable renal 
dialysis units, in addition to their use in separation of metal 
ions. Apart from their possible applications in the field of ion 
exchange, ion exchange membranes, solid state 
electrochemistry etc, these materials are interesting for 
providing information regarding the fundamental processes 
such as the formation of crystalline precipitates, the sorption of 
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ion by precipitates, structural chemistry and phase transit ion. 
They possess good stability towards temperature, ionizing 
radiation and oxidizing solutions. Application of synthetic 
inorganic ion exchangers in environmental analysis has been 
reviewed by Varshney [3]. 
Zirconium oxalate has been synthesized and used as ion 
exchanger by Medeiros [4]. Zirconium phosphoiodate has been 
reported to show amphoteric behaviour but this material was 
mainly studied as electron exchanger [5]. The radio 
chromatographic separation of Sc (III) was investigated 
employing zirconium phoshphosilicate [6] 
In recent years, a large number of zirconium (IV) based 
inorganic ion exchangers have been prepared and their 
applications have been studied by many researchers [7-9]. The 
present study is an attempt to explore the possibil i ty of 
synthesizing a new inorganic ion exchanger, zirconium (IV)-
iodooxalate, which incorporates best qualities of zirconium-
(IV) oxalate, containing moieties to the extent of providing a 
better and cheap ion exchange material useful in environmental 
analysis. 
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2.2 E X P E R I M E N T A L 
2.2.1 Reagents and chemicals 
Zirconium (IV) oxychloride and potassium iodate were 
obtained from SD Fine Chem. Ltd. (India) and E Merck (India) 
respectively. All other chemicals and reagents used were of 
analytical grade. 
2.2.2 Instrumentation 
pH measurements were performed using an Elico (India) 
LI-10 model pH meter. A Bausch & Lomb spectronic-20 
spectrophotometer was used for the determination of iodate. IR 
studies were made on a FTIR Nicolet SOX model. Thermal 
stability measurements were performed using muffle furnace. 
2.2.3 Synthesis of the ion exchange material 
The ion exchange material was synthesized by mixing 
0.10 M zirconium (IV) oxychloride solution gradually to a 
mixture of potassium iodate and oxalic acid solution with 
continuous stirring in various mixing volume ratios. The 
gelatinous precipitate so obtained was allowed to settle down 
for 24 hours at room temperature. The supernatant liquid was 
removed and the precipitate was washed with distilled water 
and finally filtered under suction. The product was dried at 
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40 ± 1°C in an electric oven. The material was brokendown into 
small granules by placing in distilled water. The granules were 
converted into H^ form by treating with 1 M HNO3 solution for 
24 hours. The material was then washed several times with 
distilled water to remove any excess of acid and finally dried at 
40 ± 1°C. 
2.2.4 Determination of ion exchange capacity (lEC) 
The ion exchange capacity of the material for mono-and 
divalent metal ions was determined using standard method [10]. 
For this, 0.5 gram exchanger in H^ form was packed into 
column with glass wool support. It was washed with distilled 
water to remove any excess of acid remained sticking to the 
particles. To elute H^ ions 250 ml of IM solutions of different 
mono-and bivalent cations were passed through the column 
maintaining the flow rate 8-10 drops/min. The amount of H^ 
ions so liberated was determined t i tr imetrically using NaOH as 
titrant. 
2.2.5 pH-titration 
The pH titration of material was performed by the method 
of Toppe and Pepper [ I I ] . In this method 0.50 gram of 
exchanger was equilibrated with varying amounts of 0.1 M 
NaCl and NaOH solution. 
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2.2.6 Thermal stability 
Thermal stability of tiie material was evaluated by heating 
it at various temperatures for 1 hour in a muffle furnace and the 
Na^ ion exchange capacity (in meq/gram dry exchanger) was 
determined. 
2.2. 7 Chemical stability 
To determine the chemical stability, 0.50gram of the 
exchanger was equilibrated with 50.0 mL of solutions of 
interest for 24 hours at room temperature. The amount of 
zirconium and oxalate released were determined t i tr imetrically 
[12-13] whereas the amount of iodate released was determined 
spectrophotometrically [14] using pyrogallol as colouring 
reagent. 
2.2.8 Chemical composition 
For the determination of chemical composition, 0.10 gram 
of the exchanger was dissolved in minimum amount of 
concentrated H2SO4 and then it was diluted upto 100 mL with 
distilled water. The amounts of zirconium, oxalate and iodate 
were determined using the methods described earlier [12-14]. 
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2.2.9 Distribution studies 
The distribution studies of various metal ions in disti l led 
water and nitric acid were carried out by the batch equil ibrium 
technique. For this purpose, 0.50 gram of the exchanger in H"^  
form was equilibrated with 25.0 ml of 0.05M solutions of 
different metal ions. The mixture was shaken for 6 hours to 
attain equilibrium. The amount of metal ions left in the 
solutions was then determined by titrating against O.OIM EDTA 
solutions [12] using appropriate indicators. 
The KD values of the metal ions were calculated using the 
following equation: 
F, M 
Where IR and FR denotes the volume of EDTA solution 
required before and after equilibrium respectively, V is the 
solution volume in mL and M is the mass of the exchanger in 
grams. 
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2. 3 . R E S U L T S AND D I S C U S S I O N 
Zirconium (IV) iodooxalate appears to be a promising 
ion-exchange material with good ion exchange capacity. Table 
2.1 describes the preparation and properties of the ion exchange 
material. Sample ZIV-6 was chosen for detailed studies owing 
to its highest ion exchange capacity and chemical stability. The 
ion exchange capacity was measured with different uni- and 
bivalent metal ions. The results are summarized in Table 2.2. 
These results indicate that ion exchange selectivity of the 
material is different for different cations. The ion exchange 
capacity in meq/gram dry exchanger for various metal ions 
follows the order: 
Li^>Na*>K^>Mg2*>Ca^'^>Sr^^ 
The results also reveal (Table 2.2) that ion exchange 
capacity decrease with increasing crystal ionic radii. The 
results are in accordance with the work of Born [15], Kossel 
[16] and Goldschmidt [17] who demonstrated that the attraction 
between anions and cations in ionic crystals obey coulomb's 
law which demands that cations for equal charge a small ion be 
attracted with a great force and hold more tightly than a larger 
ion. The ion exchange capacity should decrease with increasing 
ionic radii and increase with ionic potential . 
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Table 2.1 Synthesis and properties of Zirconium (IV) 
iodooxalate 
Sample 
No. 
ZIO 1 
ZIO 2 
ZIO 3 
ZIO 4 
ZIO 5 
ZIO 6* 
Molar c o n c e n t r a t i o n 
Zr 
(M) 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
lOa 
(M) 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
HxCi04 
(M) 
0 10 
0 10 
0 10 
0 10 
0 10 
0 10 
Mixing 
ratio v /v /v / 
Zr: 
I03:HjCjO4 
1 1 1 
2 1 2 
1 2 1 
2 2 1 
1 3 1 
2 3 2 
PH 
1 00 
1 00 
1 00 
1 00 
1 00 
1 00 
Appearance 
of 
prec ip i ta te 
White 
ge la t inous 
White 
ge la t inous 
White 
ge la t inous 
White 
ge la t inous 
White 
ge l a t inous 
White 
ge la t inous 
A p p e a r a n c e 
of beads 
after 
dry ing at 
40 "C 
Yel lowi sh 
Whi te 
Ye l l owi sh 
Whi t e 
Y e l l o w i s h 
Whi t e 
Ye l l owi sh 
Whi t e 
Ye l l owi sh 
Whi t e 
Ye l l owi sh 
Whi t e 
Ion exchange 
capac i ty 
(meq/gram 
d r y e x c h a n g e r 
for Na"") 
1 00 
1 2 0 
1 6 0 
2 0 2 
2 16 
2 70 
* Selected for detailed studies 
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Table 2.2 Ion exchange capaci ty (meq/gram dry exchanger ) 
of Z i rcon ium (IV) iodooxala te for var ious cap t ions . 
S. No. 
1. 
2. 
3. 
4. 
5. 
6. 
Cap t ions 
Li" 
Na"" 
K" 
Mg^" 
Ca^" 
Sr^* 
Ion iza t ion 
po ten t ia l (ev) 
5.392 
5.139 
4.341 
7.646 
6.113 
3.596 
Crys ta l ionic 
rad i i ( A " ) 
0.68 
0.95 
1.33 
0.65 
0.99 
1.13 
Ion exchange 
capac i ty (meq /g ram 
dry exchange r ) 
2.82 
2.70 
1.30 
1.56 
1.48 
1.26 
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The pH titration curve (Figure 2.1) of ZIO-6 performed in 
NaCl-NaOH system shows one inflexion point indicating that 
the exchanger is monofunctional. Here two proton-binding sites 
are expected from the two anionic groups associated with the 
matrix. 
In order to examine the effect of heating temperature on 
the ion exchange capacity, the material was heated at 
40,100,200,300,400,500 and 600 °C and the ion exchange 
capacity of the heat treaded materials for Na^ was determined. 
The results are reported in Table 2.3 and presented in 
Figure 2.2. These observations reveal that ion exchange 
capacity decreases with increasing temperature. Varshney et al. 
[18] reported similar results while studying the zirconium (IV)-
aluminophosphate. 
It is clear from Table 2.4 that the material was found to 
be fairly stable in lower concentration of mineral acids such as 
HCl, H2SO4, HNO3 and acetic acid. The ion exchanger was 
completely dissolved in 2M H2SO4 and 2M NaOH solution. 
The chemical composition data of material suggests the 
mole ratio of Zr (IV); IO3 and C2O4H as 2:1:3 which may point 
to the following tentative formula: 
[(ZrO)2(I03)(HC204)3.nH20] 
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Volume of NaOH added (ml) 
Figure 2.1. pH titration curve of Zirconium(IV) iodo oxalate. 
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Figure 2.2 Effect of heating tempera ture on ion exchange 
capacity of zirconium (IV) iodooxalate. 
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Table 2.3 Effect of heating temperature on the ion exchange 
capacity of Zirconium (IV) iodooxalate (H* form). 
S. No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Heating 
Temperature 
Co 
40 
100 
200 
300 
400 
500 
600 
Colour of beads 
after drying 
White 
Yellowish white 
Brown 
Brown 
Black 
Black 
Not stable 
Ion exchange 
capacity (meq/gram 
dry exchanger) 
2.70 
2.30 
1.60 
0.60 
0.40 
0.00 
0.00 
100 
Table 2. 4 Chemical s tabi l i ty of z i rconium (IV) iodooxala te 
in different solvent. 
S. No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Solvents 
Distilled water 
2.0M HCl 
l.OM HNO3 
2.0M HNO3 
2.OMCH3COOH 
2.0M H2SO4 
2.0M NaOH 
Amount 
Zr(IV) 
0.00 
35.50 
17.20 
33.60 
20.35 
Completely 
Completely 
released mg/ 50ml 
10 3 
0.00 
17.50 
20.00 
42.50 
18.00 
Dissolved 
Dissolved 
V O 3 
0.00 
18.25 
16.30 
19.10 
17.83 
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The thermogram of ZIO-6 (Figure 2.3) shows a continuous 
loss in weight upto 130 °C, which is due to loss of water 
molecules. The corresponding weight loss of material is 8.8%. 
The weight loss was again observed from 200 to 260 °C, which 
may be due to the formation of I2O5 group. Further weight loss 
from 270 to 500 °C may be due to the decomposition of oxalate 
into CO and CO2. The weight becomes almost constant above 
500 °C suggesting the formation of zirconium oxide and 
therefore, ion exchange capacity approaches to negligible 
value. 
On the basis of thermal stability measurement if we 
assume the weight due to presence of water molecules in the 
gel is 8.8% of the total weight, the number of such molecules 
(n) per mole of exchanger can be computed from Albert i ' s 
equation [19]. 
x(M+18n) 
18n = 
100 
Where x is the percent water content and M +18n, is the 
molecular weight of the material . It gives the value of n as 
2.34. 
In order to further characterize the material , its FTIR 
studies were performed at room temperature using KBr disc 
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method (Figure 2.4). A very strong peak was observed in the 
region 3500-3000 c m ' which may be due to the lattice water, 
free water and free 0-H groups. Another peak in the region 
1700-1500 cm"' may be due to H-O-H bending. The peak in the 
region 1500-1000 cm"' may be due to presence of oxalic acid. 
The peak at frequency 955.57.cm"' may be due to ZrO, and 
iodate band falls at frequency 817.68 cm"'. 
The distribution studies (Table 2.5) indicate that the 
material is selective for Ca (II) in comparison to other metal 
ions studied. The decreasing order of KQ values for bivalent 
metal ions in distilled water, O.OIM H N 0 3 and O.IOM HN03is 
given as follow: 
Ca^^>Ba^^>Mg^^>Sr^^>Cd^>b^^>CO^^ 
The KD value decreases as concentrat ion of nitric acid 
increases this behaviour can be useful for the separation of 
Ca^ "^  from other metal ions in environmental analysis . 
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Figure 2.3 Thermogram of zirconium (IV) iodooxalate. 
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Table 2.5 KD values of some ions on Zi rconium (IV) 
iodooxala te in Distil led wate r and Nitr ic acid. 
S. No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Metal ion 
Mg^* 
Ca^^ 
Ba '" 
Sr^^ 
Cd'" 
Hg^^ 
Pb ' " 
CO^^ 
Zn 
Disti l led 
w a t e r 
38.00 
67.00 
40.00 
35.00 
31.25 
25.50 
28.50 
21.17 
19.00 
O.OIM HNO3 
35.00 
45.00 
32.50 
20.50 
18.54 
16.60 
15.00 
12.85 
11.35 
O.IM HNO3 
32.00 
36.00 
28.35 
12.50 
10.75 
11.00 
12.20 
9.80 
10.20 
105 
R E F E R E N C E S 
1. Clearfield, A. Ed. Inorganic Ion Exchange Materials; CRC 
Press, Inc. Boca Raton FL., p .61, 1982. 
2. Ferragina, C, Massucci M.A, Tomlison A.A.G, / . Chem. 
Soc. Dalton Trans., 11 91. 1990. 
3. Varshney, K.G., New Development in Ion Exchange 
Proceeding of the International Conference on Ion 
Exchange. Tokyo., 413. 1990. 
4. Medeiros, J. Inorg. Nucl. Chem., 28, 599,1969. 
5. Rawat, J.P and Iqbal, M. Ann. Chim., (Rome) 69, 599, 
1979. 
6. Turel, Z.R. and Narkhed, S.S, J. Indian Chem. Soc, 75, 
177. 1998. 
7. Dyer, A, Shaheen. M, Tahira, Zamin and Mohammad, 
J, Mater. Chem, 7,1895, 1997. 
8. Quereshi, S.Z; Asif, G and Khayer M.R. Ann.Chim (Paris) , 
24, 545,1999. 
9. Toshishige, S.M; Bomani,J; Mastsunaga, H and Yokayum 
T, React. Fund. Polymer., 43,165,2000. 
10. Samuelson, O. Diss. Tekh Hogskolan, Stockholm. 1944 
106 
11. Toppe, N.E. and Pepper K.W. J. Chem. Soc, 3299,1949. 
12. Reilley, C.N; Schmid R.W and Sadek F.S. J. Chem. Edu., 
35 555,1959. 
13. Vogel, A.I "Quantitative Inorganic Analysis" II Edn. 
Longmans, London.1951, p.352 
14. Snell, F.D. and Snell C.T., "Colorimetric Method of 
Analysis" Vol. II, 1949, p. 741. 
15. Born, M. Atomtheories Dsfestem Zusland., 1923. 
16. Kossel, W. Ann. Physik, 42, 229,1916. 
17. Goldschmid, V. M. Trans Faraday Soc. 25 320,1929. 
18. Varshney, K.G; Pandith ,A.H and Gupta ,U. Langmuir., 
14, 7353, 1998. 
19. Alberti , G. Torracca E, and Conte A, J. Inorg. Nucl. 
Chem., 28 , 607, 1966. 
r 
€jmd Uts i£s^ 
eciron exci 
e (OS 
ojniger 
= = \ 
III 
Cjutdhesis €md L^fmracierlsicdioi 
'irc:omimt ( I V / rndtmoMmiaie 
J 
3.1 I N T R O D U C T I O N 
Extensive studies on the synthetic inorganic ion 
exchangers have proved their potential in solving diverse 
problems of environmental and analytical chemistries [1-3]. 
Acidic salts of multivalent metals, prepared in combination 
with anions of phosphate, tungstate, arsenate, tellurate etc. as 
two component ion exchangers have been studied most 
intensively [4,5]. Phosphate and arsenate of zirconium [5,6] 
show good thermal and chemical stabilities while little work 
has been done on zirconium vanadate [7]. The inorganic ion 
exchangers based on three components have been found to show 
relative increased ion exchange capacity and selectivity [8-1 1]. 
Electron exchangers are solid oxidation and reduction 
agents. The reactivity of redox ion exchangers is due to the 
built in functional exponents, which can be reversibly oxidized 
and reduced. The advantage of electron exchangers over 
dissolved oxidizing and reducing agents is their insolubili ty in 
reaction medium, thus interferences caused by the unreacted 
redox substances can be easily removed, so the solution is free 
from contamination of a redox agent or its product. Another 
advantage is that they are readily regenerated after the use. 
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Many synthetic inorganic ion exchangers have been used as 
electron exchangers [12-16]. 
In this chapter, we have described the synthesis and ion 
exchange properties of a new inorganic ion exchange material 
zirconium (IV) iodovanadate. The material also behaves as 
electron exchanger. Oxidation of Fe (II), Sn (II) ascorbic acid 
and thioglycolic acid have been achieved on this material . 
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3. 2 E X P E R I M E N T A L 
3.2.1 Reagents and chemicals 
Zirconium oxychloride and potassium iodate were 
obtained from S D fine Chem. Ltd. and E Merck (India) 
respectively. All other chemicals and reagents used were of 
analytical reagent grade. 
3.2.2 Instrumentation 
pH measurements were performed using an Elico (India) 
LI-10 model pH meter. Spectrophotometry was done on a 
Bausch and Lomb spectronic-20 spectrophotometer. IR studies 
were made using an FTIR Nicolet 50X model and thermogram 
was run on Thermal analyzer 2100 with module 951 
thermogravimetric analyzer. For equilibrium studies 
temperature controlled shaker (Elico) was used. 
3.2.3 Synthesis of the ion exchange Material 
The material was synthesized by adding a mixture of 0.1 M 
potassium iodate and O.IM sodium metavanadate solution to 
O.IM zirconium(IV)oxychloride solution with continuous 
stirring to obtain a gel. The desired pH was adjusted by adding 
dilute HCl or NH3 solutions. The gel was aged in the mother 
liquor for 24 hours at room temperature and filtered under 
no 
suction. The excess acid was removed by washing with 
demineralized water (DMW) and it was kept in an oven at 
40+l°C for drying. The dried product was then cracked into 
small granules by putting in DMW, which was converted into 
the H^ form by treating with IM HNO3 for 24 hours at room 
temperature. The material was finally washed with DMW to 
remove any excess of acid. 
3.2.4 Ion exchange capacity (IEC) 
The ion exchange capacity of the material was determined 
by the column process l.Og of the exchanger (H"" form) was 
packed in a column and washed with DMW to remove any 
excess of acid remained sticking on the particles. 250mL of 
l.OM solution of different salts was passed through the column 
maintaining the flow rate ImL/min. The effluent was collected 
and titrated against a standard NaOH solution to determine the 
total H^ ions released. 
3.2.5 pH-titration 
The pH titration of the ion exchanger (ZIV-4) in H"^  form 
was performed in NaCl-NaOH system at 30°C by usual method 
[17].In this method, 0.5 gram exchanger in H"^  form was taken 
in vaious flasks and treated with 50.0 mL of O.IM NaCl-NaOH 
I l l 
solution for 24hours.The pH of each solution was measured and 
plotted against millimoles of OH" ion added. 
3.2.6 Chemical stability 
To determine the extent of dissolution of the material in 
different mineral acids, organic acids and bases, a 0.50g of 
material was equilibrated with 50.0mL of solution of interest 
for 24 hours at 30°C. The amounts of zirconium and vanadate 
were determined volumetrically [18,19] whereas amount of 
iodate released was determined spectrophoto metrically using 
pyrogallol [20] as coloring reagent. 
3.2.7 Chemical composition 
For the determination of chemical composition of the 
sample ZIV-4, 0.10 gram of exchanger was dissolved in 
minimum amount of concentrated H2SO4. The solution was 
diluted to lOOmL with DMW. The zirconium and iodate were 
determined spectrophotometrically using Alizarin Red-S [20] 
and Pyrogallol [20] as colouring reagents, respectively and 
vanadate was determined volumetrically using potassium 
permanganate as the titrant [19]. The mole ratio of Zr, IO3 and 
VO3 was found to be 2:1:3. 
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3.2.8 Thermal treatment 
For thermal stability several l.Ogram samples of the 
exchanger were heated for I hour each at various temperatures 
in a muffle furnace and the Na^ ion exchange capacity was 
determined as usual by the column process. 
3.2.9 X-ray study 
X-ray studies were carried out using a Philips PW1730 
high angle diffractometer (Poland) with Cu-Ka(Ni filter) 
radiation. 
3. 2.10 Rate of oxidation 
In order to determine the rate of oxidation, a fixed 
amount of exchanger was shaken with the solution concerned. 
After appropriate intervals of time, the contents of the flasks 
were filtered and oxidized species formed were determined. 
3 2.11 Redox studies 
Oxidation of Fe(II), Sn(II), ascorbic acid and thioglycolic 
acid to their respective higher oxidation states were performed 
by shaking the exchanger (O.Sgram) with their solutions for 6 
hours. Each substrate was determined by standard method [21] 
and the total amount oxidized by the exchanger was evaluated. 
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3.3 RESULTS AND D I S C U S S I O N 
Zirconium (IV) iodovanadate appears to be a promising 
ion-exchanger as well as electron exchanger having good ion 
exchange capacity and redox capacity. Table 3.1 describes the 
preparation and properties of the material. Sample ZIV-4 was 
chosen for detailed studies owing to its higher ion- exchange 
capacity and chemical stability. 
The ion exchange capacities for alkali and alkaline earth 
metal ions are shown in table 3.2. It is evident from the table 
that the affinity sequence for alkali metal ions is K^>Na^>Li^ 
and for alkaline earth metal ions is Ba^^>Sr^*>Ca^^>Mg^^. This 
sequence is in accordance with the hydrated radii of the 
exchanging ions. The ions with smaller hydrated radii easily 
enter the pores of exchanger, resulting in higher adsorption 
[22]. 
The pH titration curve (figure 3.1) shows that the ion 
exchanger material releases H^ ions easily on addition of NaCl 
solution to the system in neutral medium which is indicated by 
a pH value -4 .0 of the solution. As the volume of NaOH added 
to the system is increased, more OH" ions are consumed 
suggesting in the increase of the rate of ion-exchange in basic 
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medium due to the removal of H^ ions from the external 
solution. Further, the titration curve showed a mono functional 
behaviour of the exchanger. The ion exchange capacity 
calculated from the titration curve at pH 7.0 was 2.3 meq/gram 
of exchanger, which is in close agreement to those obtained by 
the column method. 
The effect of heating on ion exchange capacity of 
zirconium (IV) iodovanate has been compared with that of 
similarly treated zirconium (IV) iodomolybdate and tin (IV) 
iodophosphate. It is apparent from figure 3.2 that in 
comparison with other ion-exchangers containing iodo group, 
the zirconium (IV) iodovanadate has the highest ion exchange 
capacity when the material is dried at 40°C and this trend 
follows upto 300°C. A comparison of ion-exchange capacity of 
different materials dried at 300°C shows the sequence: 
zirconium (IV) iodovanadate > zirconium (IV) iodomolybdate> 
tin (IV) iodophosphate. 
The material was found to be fairly stable in lower 
concentration of HCl, HN03,H2S04 and also quite-stable in 
organic acids like formic acid and acetic acid. The material was 
completely dissolved in 2M KOH/NaOH (table 3. 4). 
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Table 3. 1 Synthesis and properties of Zirconium (IV 
iodovanadate. 
S a m p l e 
ZIV-1 
ZIV-2 
ZIV-3 
ZIV-4* 
ZIV-5 
ZIV-6 
ZIV-7 
M o l a r 
c o n c e n t r a t i o n 
Z r ( IV) 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
1 0 , 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
V O j 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
M i x i n g 
v o l u m e v /v /v / 
Z r i l O j : V 0 3 
1:1:1 
2:1:1 
1:2:1 
1:1:2 
1:2:2 
1:1:3 
1:3:3 
PH 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
Ion e x c h a n g e 
c a p a c i t y for 
Na* ion 
( m e q / g r a m 
e x c h a n g e r s ) 
0.80 
1.20 
1.75 
2.20 
2.24 
2.16 
2.20 
A p p e a r a n c e 
of b e a d s 
a f t e r d r y i n g 
a t 4 0 ± 1 ° C 
Y e l l o w i s h 
whi te 
Y e l l o w i s h 
whi te 
Y e l l o w i s h 
whi te 
Pa le ye l low 
Pale ye l low 
Pale ye l low 
Pale ye l low 
* Selected for detailed studies 
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Table 3.2 Ion exchange capacity of Zirconium (IV) 
iodovandate for various cations. 
Cat ions 
Li" 
Na'" 
K" 
Mg^" 
Ca ' " 
Sr ' " 
Ba ' " 
Hydra t ed rad i i ( A " ) 
10.0 
7.90 
5.30 
10.80 
9.60 
9.40 
8.80 
Ion-exchange capac i ty 
(meq /g ram exchange r ) 
1.70 
2.20 
2.40 
1.30 
1.36 
1.40 
1.52 
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1 2 3 
m moles of OH" ions added 
Figure 3.1 pH titration curve of zirconium (IV) iodovanadate. 
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Table 3. 3 Effect of heating temperature on ion exchange 
capacity of different inorganic ion exchangers. 
S. No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Heating 
temperature "C 
40 
100 
200 
300 
400 
500 
600 
Ion exchange capacity (meq/gram) for 
various inorganic ion exchangers 
ZIV 
2.20 
2.00 
1.30 
0.80 
0.44 
0.18 
0.10 
ZIM 
1.54 
1.30 
1.00 
0.78 
0.66 
0.42 
0.16 
TIP 
1.60 
1.44 
0.99 
0.72 
0.66 
0.44 
0.38 
ZlV-Zirconium (IV)iodovanadate 
ZIM-Zirconium (IV)iodomolybdate 
TIP-Stannic (IV)iodophosphate 
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Table 3.4 Chemical stability of Zirconium (IV) 
iodovanadate in different solutions at 30 °C. 
Solution 
DMW 
IM HCl 
2M HCl 
IM HNO3 
2M HNO3 
IM H2SO4 
2M H2SO4 
2M CH3COOH 
2M HCOOH 
2M NaOH 
2M KOH 
Amount re leased mg/ SOml 
Zr (IV) 
0.00 
5.50 
11.30 
4.80 
10.00 
10.40 
20.00 
0.00 
0.00 
completely dissolved 
completely dissolved 
I O 3 
0.00 
7.10 
15.00 
6.50 
14.20 
11.50 
23.10 
5.50 
5.00 
VO3 
0.00 
8.20 
15.50 
5.40 
11.20 
11.00 
21.20 
0.00 
6.25 
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The thermogram of zirconium (IV) iodovanadate 
(figure 3.3) reveals some interesting informations. The 
derivative curve exhibits two peaks with temperature maxima at 
90 °C and 515.82 °C. Corresponding to two distinct weight 
losses. The external water molecules is lost upto 145°C as 
indicated by the first peak of the derivative curve which 
corresponds to weight loss of 10.71%. Further, loss in weight is 
observed from 145°C to 491°C, which is attributed to the 
condensation of IO3 group into I2O5 [22,23]. The corresponding 
weight loss is 4.60%, which is comparable to the theoret ical 
value i.e. 4.57% calculated from the proposed formula. The ion 
exchange capacity of the material dried at 200 °C is 1.4 
meq/gram The decrease in ion exchange capacity is due to the 
conversion of IO3 into I2O5. At 500 °C the ion exchange 
capacity decreases to 80% of the original value. Lastly, there is 
an abrupt weight loss from 491.08°C to 545.27°C indicating the 
volati l ization of ionogenic groups. Beyond 600 °C, the weight 
becomes constant owing to the formation of metal oxide. 
In order to further characterization of the material , its 
FTIR study (figure 3.4) was performed at room temperature 
using KBr disc method. The strong and broad band in the 
region 3600-3000 cm"' may be assigned to intersti t ial water 
122 
molecule and -OH group [24]. Another strong and sharp peak 
with maximum at 1627 cm' ' may be due to H-O-H bending. The 
spectrum also shows strong band in region 830-500 cm' ' 
indicating the presence of iodate, vanadate and metal oxide 
[25-27]. 
X-ray diffraction pattern of zirconium (IV) iodovanadate 
in H^ from given in figure 3.5. It reveals the fact that the 
exchanger is amorphous. 
The zirconium (IV) iodovanadate has been prepared at 
pH 1 and the following equilibrium is known to exist [28] for 
vanadium at the pH of the preparation of exchanger material. 
3[V03(OH)]^'+3H* ^=? V309^'+3H20 (K=10'^°-^) 
On the basis of chemical composition, ion exchange 
capacity, FTIR, TGA and aqueous chemistry of vanadate, a 
tentative formula for zirconium (IV) iodovanadate may be 
written as: 
(ZrO)2 (IO3) (V309).nH20 
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It was observed from thermogravimetric analysis that the 
weight loss due to the presence of water molecules in the gel is 
10.71%. The number of such molecules (n) per mole of 
exchanger can be computed from Alberti 's equation [29]. 
X(M+18n) 
18n = 
100 
Where x is the percent water content and M+18, is the 
molecular weight of the material. It gives the value of 'n' as 
4.6. 
/ / / . 3.1 Redox studies: 
It is clear from figure 3.6 that only 60 minutes are 
required for the complete conversion of Fe (II) to Fe(III) by 
batch process. The results in table 3.4-3.7 show that zirconium 
(IV) iodovanadate has a remarkable oxidizing property. 
In zirconium (IV) iodovanadate, it is IO'3/l2 couple, 
which is responsible for oxidation process. The material has 
been utilized for oxidation of Fe (II) and Sn (II), to their higher 
oxidation state and ascorbic acid and thioglycolic acid to 
deascorbic acid and dithioglycolic acid respectively. 
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It was found that material could not be used for oxidation 
of Ce"VCe'^ couple because redox potential of Ce^'VCe'^ 
(E°=1.23v) is higher than that of IO3/I2 (E°=1.20v). 
In zirconium (IV) iodovanadate iodate group is bonded at 
a place, which is available for electron exchange with IO"3/l2 
couple and responsible for oxidation of the substrate of a 
suitable redox potential. The material can be regenerated by 
passing nitric acid. 
Table 3. 5 Rate of oxidation. 
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S. No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Time 
(minutes) 
5 
10 
15 
30 
45 
60 
90 
12 
150 
Amount of 
exchanger (g ram) 
0.500 
0.500 
0.500 
0.500 
0.500 
0.500 
0.500 
0.500 
0.500 
Amoun t of Fe(I I ) 
oxidized (meq) 
0.24 
0.60 
0.94 
1.36 
1.68 
1.94 
2.00 
2.00 
2.00 
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Figure 3.6 Rate of oxidation of Fe (II) to Fe (III) . 
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Table 4. 6 oxidation of Fe (II) to Fe(III) 
S. No. 
1 
2 
3 
4 
5 
Exchanger 
(g ram) 
0.500 
0.500 
0.500 
0.500 
0.500 
Amoun t of Fe(II) 
taken (meq) 
0.046 
0.092 
0.138 
0.184 
0.230 
Amount of Fe( I I I ) 
found (meq) 
0.045 
0.086 
0.132 
0.178 
0.215 
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Table 3. 7 Oxidation of Sii(II) to Sn(IV). 
S. No. 
1 
2 
3 
4 
5 
Exchange r 
(g r am) 
0.500 
0.500 
0.500 
0.500 
0.500 
Amount of Sn(I I ) 
taken (meq) 
0.0475 
0.0950 
0.1425 
0.190 
0.2375 
Amount of Sn(IV) 
found (meq) 
0.0456 
0.0910 
0.1228 
0.175 
0.220 
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Table 3.8 Oxidation of Ascorbic acid to Deascorbic acid. 
S. No. 
1 
2 
3 
4 
5 
E x c h a n g e r 
(g ram) 
0.500 
0.500 
0.500 
0.500 
0.500 
Amount of CeHgOe 
taken (meq) 
0.0425 
0.0850 
0.1275 
0.1700 
0.2125 
Amoun t of CeHeOe 
found (meq) 
0.0385 
0.0825 
0.1250 
0.1680 
0.2080 
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Table 3.9 Oxidation of Thioglycolic acid to Dithioglycolic 
acid. 
S. No. 
1. 
2. 
3. 
4. 
5. 
Exchange r 
(g) 
0.500 
0.500 
0.500 
0.500 
0.500 
Amount of 
CH2SCOOH taken 
(meq) 
0.0450 
0.0900 
0.1350 
0.1800 
0.2250 
Amount of 
(SCH2COOH)2 found 
(meq) 
0.0450 
0.0850 
0.1250 
0.174 
0.220 
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4.1 I N T R O D U C T I O N 
Ion exchangers have played a prominent role in water 
processing and chemical industries. Meeting the stringent coolant 
purity requirements of nuclear industry is solely attributable to 
ion-exchangers. In the last decade, ion-exchangers have been used 
extensively in the chemical decontamination process for metal ion 
recovery regeneration of decontaminants and removal of the 
formulation chemicals from the coolant (1). Therefore, there is a 
continuing need to find new ion-exchangers, which are capable of 
treating radioactive nuclear effluent (2) and to remove toxic 
substances from aqueous effluents (3). 
Synthetic inorganic ion exchangers based on tetravalent 
metals have been the object of considerable study in recent years 
because of their selectivity and intercalation properties (4-10). 
They can be prepared as both crystalline and amorphous materials. 
However, ion-exchange studies with crystalline materials are 
often somewhat complicated because of the formation of new 
crystalline phases and by hysteresis phenomenon. Amorphous ion-
exchangers can be preferred over crystalline forms because they 
can be prepared easily and their granular nature is suitable for 
column operation. They are quite stable in acidic medium. 
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Moreover, the inorganic ion exchangers based on three 
components have been found to show relatively higher capacity, 
selectivity and stability (11-17). They are mostly amorphous in 
nature. 
The present study deals with the synthesis, characterization 
and analytical application of zirconium (IV) selenoiodate as a new 
inorganic ion exchanger. 
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4.2 E X P E R I M E N T A L 
4.2.1 Materials 
Zirconium (IV) oxychloride (CDH), sodium selenite (BDH) 
and potassium iodate (E. Merck) were used for synthesis of 
zirconium (IV) selenoiodate. All other chemicals and reagents 
used were of analytical grade. 
4.2.2 Instrumentation 
An Elico (India) LI-10 model pH meter and a Bausch and 
Lomb Spectronic-20 spectrophotometer were used for pH and 
absorbance measurements, respectively. IR study was made on a 
FTIR spectrophotometer model Nicolet 5DX using KBr disc 
method. Thermogravimetric analysis was performed on TGA V5; 
lA Dupont 2100. Incubator shaker (SICO) was used for shaking 
purposes. 
4. 2.3 Synthesis of Ion exchange Material 
Zirconium (IV) selenoiodate samples were prepared by 
adding zirconium (IV) oxychloride gradually to a mixture of 
potassium iodate and sodium selenite in the different ratios and 
concentrations with intermittently shaking of the mixture 
maintaining the pH constant through out the mixing. On standing 
for 24 hours, the gel settled and was filtered. It was washed with 
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demineralized water and dried in an oven at 40+2°C. The dried 
product was then cracked in small granules by putting in 
demineralized water. The material was converted in H"^  form by 
treating with I.OM nitric acid. Excess acid was removed by 
washing several times with demineralized water and finally dried 
at 40±2°C. 
4.2.4 pH- Titration 
pH ti trations were performed using batch procedure. 0.5 g 
exchanger in H"^  form was equilibrated with a 50 ml of 0.07M 
mixtures of either NaCl-NaOH or KCl-KOH for 24 hours. The pH 
of each solution was measured and plotted against 
mill iequivalents of OH" ions. The capacity corresponding to 
inflexion point was also calculated from the curve. 
4.2.5 Ion exchange Capacity (lEC) 
The ion-exchange capacity for some mono-and divalent 
metal ions were determined by usual method for this purpose,0.5 g 
of exchanger in H^ form was taken in a glass column. The 
hydrogen ions were then eluted by passing I.OM solution of 
different mono-and divalent ions. The hydrogen ions in the 
effluent were determined after ti trating against standard sodiunv 
hydroxide solution. 
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4.2.6 Chemical Stability 
A 0.5 g of exchanger (sample-D) was equilibrated with 50 
mL of solution of interest for 24 hours at room temperature. 
Amount of zirconium and iodate released in the solution were 
determined spectrophotometrically using Alizarin Red-S and 
pyrogallol as colouring reagents (18) whereas the amount of 
selenium was determined using diaminobenzidine (19). 
4.2.7 Chemical Composition 
For the determination of chemical composition of zirconium 
(IV) selenoiodate (sample-D), 0.1 g of exchanger was dissolved in 
minimum amount of hot concentrated sulphuric acid and was 
diluted to 100 mL with distilled water. The amount of zirconium 
was determined titrimetrically (20), selenium by gravimetrical ly 
(19) and iodate was determined spectrophotometrically (18). The 
mole ratio of Zr, Se and IO3 was found to be 5.04: 2.0: 4.06 
4.2.8 Thermal Treatment 
Thermogravimetric analysis of the material in H"^  form was 
performed at a heating rate of 10°C/ minute.. The effect of 
heating on ion-exchange capacity of the material was also 
examined. The material in H"^  form was heated at different 
temperatures for 1 hour in muffle furnace and the ion-exchange 
capacity for K"^  was evaluated. 
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4.2.9 Infrared Spectrum 
Infrared spectrum of zirconium (IV) selenoidate in H^ form 
(Figure 3) was recorded on a Nicolet 5DX fourier transform 
spectrometer using KBr disc. 
4.2.10 Distribution Coefficient (KD) 
The distribution coefficient values of various metal ions in 
DMW and nitric acid were determined by batch process. A 
0.5gram of exchanger in H^ form was equilibrated with 20 mL of 
metal nitrate solution in erlenmer flask. The mixture was then 
shaken for 6h in an incubator shaker. The amount of metal ion 
species left in the solution was determined by ti trating against 
0.005M EDTA solution. The KD values were calculated according 
to the formula given: 
mmoles of metal species in the exchanger phase/g of dry exchanger 
KD = 
mmoles of the same metal species in solution phase/total volume of the 
solution 
4.2.11 Separation of Metal Ions 
Quantitative separation of metal ions was achieved on a 
glass column (height 25 cm, int. diamter 0.6 cm) using 2.0 gram 
exchanger in H"^  form. A metal ion mixture was poured on the top 
of column and the flow rate of effluent was maintained at I mL / 
minute throughout elution process. 
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4.3 R E S U L T S AND D I S C U S S I O N 
The results of ion exchange capacity studies of various samples 
of zirconium (IV) selenoiodate are presented in table 4.1. It is 
apparent from the table that ion exchange capacity of zirconium (IV) 
selenoiodate ion exchanger is greater than those of two component 
ion exchange materials such as zirconium selenite (21) and zirconium 
iodate. It was also observed that ion exchange capacity increases 
significantly by increasing the iodate content in the mixture. The 
improvement in the ion-exchange capacity and chemical stability 
appears to be higher for sample D and therefore, this sample was 
selected for detailed studies. The ion exchange capacities for uni-
and bivalent metal ions are shown in table 4 2. It is clear from the 
table that the capacity increases with the decrease of hydrated ionic 
radii for both uni- and bivalent metal ions. The capacities for Na^ 
and K"^  obtained from pH titration are also presented it table 4.2. On 
comparison the capacity by column operation and by pH titration,it 
was found that the value obtained by pH titration are slightly higher 
than those obtained by column operation. Since in pH titration the 
ionization of ionogenic group is complete because of the presence of 
alkali. 
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Table 4.2 Ion exchange capacity of Zirconium (IV) 
selenoiodate (sample D) for various metal ions. 
S. No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Metal 
ion 
Li" 
Na" 
K" 
Mg^" 
Ca'" 
Sr^" 
Ba^" 
Hydrated ionic 
radius 
10.0 
7.9 
5.3 
10.8 
9.6 
9.4 
8.8 
Ion-exchange capacity 
(meq / gram exchanger) 
Column 
operation 
2.60 
2.85 
3.20 
2.40 
2.10 
1.68 
1.55 
pH titration 
2.88 
3.31 
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Therefore the values of ion exchange capacities are slightly 
higher than in column operation where a salt is used to elute the 
counter ion rather than a base and a salt. However, by pH titration 
also the trend in capacity for Na^ and K^ ion varies similar to column 
operation. 
The ion exchange capacity of zirconium (IV) selenoiodate is 
also altered by drying temperature. As the drying temperature of the 
material increases the ion exchange capacity decreases. The results 
are given in table 4.3. and shown in figure 4.1. A comparative study 
of exchange capacity of different zirconium based exchangers dried 
at 500 °C shows the sequence: 
Zirconium (IV) selenoiodate > zicronium (IV) iodophosphate 
(22) > zirconium(IV) selenophosphate (23) > zirconium (IV) 
iodomolybdate (24). Moreover, zirconium (IV) selenoiodate also 
appears to be most thermally stable as it retains considerable ion 
exchange capacity even at 600 °C. 
The results of the extent of the dissolution of the material in 
different solutions are given in table 4.4. It is apparent from the table 
that the exchanger is quite stable in water and fairly stable in 
moderate concentration of mineral acids and organic acids whereas 
less stable in bases. 
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Table 4.3 Effect of Drying Temperature on ion exchange 
capacity for various inorganic ion exchangers 
S. No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Heat ing 
T e m p e r a t u r e C 
40 
100 
200 
300 
400 
500 
600 
Ion 
ZSe l 
3.20 
3.00 
2.75 
2.50 
1.80 
1.00 
0.80 
exchange capac i ty ( m e q / g r a m 
exchanger ) 
ZIP 
1.75 
1.60 
1.40 
1.00 
0.92 
0.82 
0.66 
ZSP 
1.51 
1.40 
1.38 
1.18 
0.54 
0.50 
0.20 
ZIM 
1.54 
1.30 
1.00 
0.78 
0.66 
0.42 
0.16 
ZSel - Zirconium (IV) selenoiodate 
ZIP - Zirconium (IV) iodophosphate 
ZSP - Zirconium (IV) selenophosphate 
ZIM - Zirconium (IV) iodomolybdate 
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Figure 4.1 
0 10 20 30 40 50 
Volume of NaOH added/0.5 g exchanger 
pH titration curve of zirconium (IV) selenoiodate. 
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Table 4.4 Chemical stability of zirconium (IV) selenoiodate 
(sample D) in different solutions. 
S. No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
Solut ion 
DMW 
IM HCl 
IMHNO3 
2M HCl 
2MHNO3 
2M H2SO4 
2M CH3COOH 
2M HCOOH 
2M NaOH 
2M KOH 
Amount 
Zr 
0.00 
3.55 
5.00 
6.00 
7.35 
8.40 
0.00 
0.00 
15.20 
14.10 
re leased nig/50 mL 
IO3-
0.00 
2.20 
7.15 
5.00 
9.25 
9.00 
4.50 
3.28 
13.20 
15.50 
Se 
0.00 
1.80 
3.20 
4.20 
7.20 
9.5 
6.25 
4.80 
12.50 
17.00 
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The titration curves with added salts have been shown in 
figure 4.2. The curve in the presence of sodium salt showed a slight 
difference from that in the presence of potassium salt. The ion 
exchange capacities calculated from these curves are 2.88 and 3.31 
meq / gram of exchanger. Further the titration curve showed a 
monofunctional behaviour of the exchanger. 
The FTIR spectrum of zirconium (IV) selenoiodate in H^ form 
is shown in figure 4.3. The strong and broad band in the region 3800-
3000 cm"^ may be assigned to interstitial water molecules and -OH 
group (25). Another stronger and sharp peak with maximum at 
1627.19 cm"' may be due to H-O-H bending. The Zr-0 stretching 
vibration appears at 1233.21 cm"' (26). The spectrum also shows 
strong band in the region 857.46 - 500 cm"' indicating the presence 
of selenite and iodate (27,28). 
The thermogram of the exchanger in H^ form (Figure 4.4) 
shows a continuous loss in weight upto 200 °C, which is due to the 
removal of water molecules. The corresponding weight loss is 
12.88%. Further weight loss was observed from 380 °C to 580 °C due 
to vaporization of selenium (29) and IO3 group (22). Beyond 600 °C 
the weight loss becomes constant suggesting the formation of 
zirconium oxide. 
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On the basis of thermogram it is assumed that the weight loss 
upto 200 °C (12.88%) is due to removal of water molecules. The 
number of water molecules (n) per molecule of exchanger are 
calculated from the formula given by Alberti (30). 
X ( M +18n) 
18n = 
100 
where X is the percent water content and M+18n, is the molecular 
weight of the material. It gives the value of ' n ' as 12.80. 
On the basis of the exchange capacity, pH-titration curve, 
chemical composition and thermogravimetric analysis, the following 
formula for zirconium (IV) selenoiodate is tentatively suggested. 
[(ZrO)5(OH)4(HSe03)2(I03)4]n.nH20 
The results of distribution coefficient of various metal ions are 
summarized in table 4.5. It is reflected from the data on KD values 
that Pb^^ behaves in an exceptionally different manner as compared 
to other metal ions. The exceptional behaviour may be due to the 
formation of lead iodate (31). The high KD value of Pb^^ has made it 
possible to separate it from other metal ions. The results of some 
quantitative separation of Pb^^ from other metal ions on the small 
column of zirconium (IV) selenoiodate are reported in table 6. 
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Table 4.5 Distribution Coefficients of Metal ions on 
zirconium (IV) selenoiodate. 
S. No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
Metal ion 
Mg^^ 
Ca'" 
Ba'" 
Sr'" 
Zn'" 
Pb'" 
Hg^" 
Cd'" 
Co'" 
Ni'" 
AI^" 
Fe^" 
KD va 
DMW 
15.0 
21.9 
30.5 
20.0 
12.0 
350 
25.0 
17.2 
22.5 
18.5 
10.5 
19.6 
lues 
0.01 MHNO3 
6.5 
8.5 
14.8 
10.0 
4.5 
65.0 
11.0 
10.0 
8.8 
7.2 
5.5 
6.0 
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2+ Table 4.6 Separation of Pb from other metal ions 
achieved on Zirconium (IV) Selenoiodate column. 
S. No. 
1 
2 
3 
4 
M i x t u r e 
P b ' " 
Mg ' " 
P b ' " 
Cd '" 
P b ' " 
Zn ' " 
P b ' " 
Al^" 
Amoun t 
loaded 
(mmoles) 
0.500 
0.480 
0.500 
0.450 
0.500 
0.480 
0.500 
0.480 
Amoun t 
found 
(mmoles) 
0.470 
0.450 
0.485 
0.425 
0.488 
0.460 
0.492 
0.472 
% 
Recovery 
94.00 
93.75 
97.00 
94.44 
97.60 
95.83 
98.40 
98.33 
Volume of 
effluent 
(ml) 
110 
75 
100 
80 
110 
70 
130 
90 
E luen t used 
0.1 M HNO3 
DMW 
0.1 M HNO3 
DMW 
0.1 M HNO3 
DMW 
O.IM HNO3 
DMW 
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5.1 I N T R O D U C T I O N 
The chelating and ligand exchangers have received 
attention due to their definite and specific selectivity towards 
certain ions or groups of ions. In analytical as well as 
preparative inorganic chemistry there exists a need for 
chelating and ligand polymers that combine the ease of 
operation of conventional ion exchangers and the selectivity of 
organic analytical reagents. The selectivity behaviour of these 
resins is based on the different stabilities of metal complexes 
on the resin at appropriate pH value. The influence of complex 
formation on ion exchange sorption equilibrium and on the 
distribution of metal ions between the liquid and resin phases 
has extensively been studied (1-5). 
The tremendous increase in the use of heavy metals over 
the past few decades has inevitably resulted in an increase flux 
of metallic substances in aquatic environment. The aquatic 
environmental contamination is mostly due to heavy metals 
discharged by several industries such as metal plating, mining, 
painting, etc. (6). The industrial waste constitutes the major 
source of various kinds of metal pollution in natural water (7). 
The heavy metals are stable and persistent environmental 
contaminants since they can not be degraded and destroyed. 
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In this context, the recovery of heavy metals from waste 
water has become a major topic of research in water treatment. 
Several methods such as chemical precipitation, membrane 
filtration, electroflotation, ion exchange and reverse osmosis 
have been proposed for the treatment of waste water containing 
inorganic and organic pollutants. However, adsorption is most 
widely used method and has been shown to be an economical 
alternative for removing the trace metals from water (8-10). 
Duolite C-433 is weak cation exchanger containing-COOH 
as functional group and an acrylic matrix cross-linked with 
divinyl benzene. 
The adsorption studies of metal ions on KRP-5P, KRF 2P 
and SF-5 (11), Dowex Al (12) NKA 9 resin (13), Duolite 
GT-73 (14). KU2-8 (15). The sorption equilibria of some 
transitional metal ion on Duolite ES-467 has been studied in 
our laboratory (16). 
In present work the adsorption behaviour of Hg (II), 
Pb(II) and Cd (II) from aqueous solution on synthetic resin 
Duolite C-433 has been studied at different temperature. The 
various thermodynamic parameters such as AG°, AH° and AS° 
have been evaluated to understand the adsorption phenomenon. 
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5.2 E X P E R I M E N T A L 
5.2.1 Chemicals and Reagents 
Synthetic Duolite C-433 in hydrogen form was obtained 
from Rohm and Hass Co. (USA). Stock solutions of Hg (II) 
nitrate, Pb (II) nitrate and Cd (II) nitrate were prepared in 
doubly distilled water. 
5.2.2 Apparatus 
An electrical temperature controlled Shaker (REMI) was 
used for Shaking purpose. 
5.2.3 Procedure 
Hydrogen form of the exchanger was washed with 
deionized water to remove all the excess of acid it was then 
dried at 40+l°C and the dried material was used for further 
experimental work. 
The flasks were shaken for different time intervals in a 
temperature controlled Remi Shaker at 25±1°C. The amount of 
metal ions left was determined in the supernatant solution 
t i tr imetrically by EDTA titration using appropriate indicators. 
5. 2.4 Surface Area 
The surface area (A) of the resin was determined by the 
method proposed by Dyal and Hendrikcs (17) for this purpose, 
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2gram of the resin was taken in a small aluminum box and 
placed in dessicator over 250 gram P2O5. The weight of dried 
resin was measured. The resin was then wetted with 
ethyleneglycol added from a piped drop wise and placed in a 
dessicator at 25±10°C to evaporate excess of ethylene glycol. 
The resin was weighed several times till a constant weight was 
observed. Surface area was then calculated from the equation. 
W -W 
Surface area (A) = '— (5.1) 
W, X 0.00031 
Where Wi and W2 are weight (gram) of the dried resin and resin 
wetted with elhyleneglycol, respectively, and 0.00031 is the 
Dyal and Handricks value for the grams of ethylene glycol 
required to form a monolayer on one m^ surface area of the 
exchanger. 
5.2.5 Equilibrium Studies 
For equilibrium studies, 0.2 gram of Duolite C-433 resin 
in H"^  form was taken in different stoppered conical flasks 
containing varying amounts of pure metal nitrate solution and 
the volume was adjusted to 20 mL with distilled water. The 
flasks were Shaken thoroughly in a temperature controlled 
Shaker for four hours at a desired temperature. Experiment 
shows that equilibrium was attained within this period, the 
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corresponding original solution and the metal ion left unsorbed 
were determined by EDTA titration using the recommended 
methods (18). 
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5.3 RESULTS AND D I S C U S S I O N 
5.3.1 Effect of Time 
The effect of time on the sorption of metal ions by the 
Duolte C-433 was studied by taking 0.2 gram resin with 20.0 ml 
of metal salt solution containing 0.049 mmoles of metal ion in 
different stoppered flasks. The flasks were shaken for different 
time intervals in a temperature controlled shaker. The results of 
equlibrium time on the sorption of Hg (II), Pb (II) and Cd (II) 
are presented in table 5.1 and plotted in figure 5.1. 
The results show that the sorption increased with 
increasing time of equilibrium for certain time, after that it 
become constant at 90 minutes for Hg (II) and Pb (II) and 75 
minutes for Cd (II). 
5.3.2 Sorption Studies 
Sorption of metal ion on Duolite C-433 was studied by 
batch process. The sorption isotherms were plotted between the 
amount of metal ion sorbed per gram resin (mmoles/gm) and the 
amount of metal ions left in equilibrium solution. The results 
are reported ion table 5.2-5.13 and are shown in figure 5.2-5.4 
(mmoles/ml). These results show that sorption of Hg (II) was 
higher than the other metal ions studied. 
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Figure 5.2 Sorption isotherms of Hg (II) on Duolite C-433. 
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Figure 5.4 Sorption isotherms of Cd (II) on Duolite C-433. 
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The sorption isotherms (plot of X/M vs Ce) at 20°C-50°C 
also reveal the fact that the sorption of each metal ion increases 
with increasing temperture upto 40°C and it starts decreasing 
on the further increase in temperture to 50°C. This clearly 
indicated that the sorption of metal ions is governed by 
chemisorption phenomenon. 
It was observed that adsorption behaviour of these metal 
ions on Duotile C-433 is in close agreement with the freundlich 
equation. 
— = KC"" 
M 
where X/M is the millimoles of metal ion sorbed by per 
gram of resin, C is the concentration of metal ions in 
equilibrium solution per millil i ter, K and 1/n are the freundlich 
constants. The values of K and 1/n are evaluated from the 
intercept and slope of the curve figure 5.5-5.7 and are reported 
in table (5.14) are reported in table 5.14. 
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Figure 5.5 Freundlich isotherm for Hg (II) on Duolite C-433. 
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Figure 5.6 Freundlich isotherm for Pb (II) on Duolite C-433. 
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Figure 5.7 Freundlich isotherm for Cd (II) on Duolite C-433 
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The thermodynamic equilibrium constant (Ko) for the 
sorption of Hg (II), Pb (II) and Cd (II) on Duolite C-433 were 
calculated using the following equation. 
Ko = —.— ...(5.2) 
Ce ve 
Where Cs (mmoles/ gram) is the amount of Hg (II), Pb 
(II) and Cd (II) adsorbed per gram of the solvent in contract 
with the resin, Ce (mmoles/ml) is the concentration of Hg (II), 
Pb (II) and Cd (II) in equilibrium solution, vs is the activity 
coefficient of the adsorbed solute and ve is the activity 
coefficient of the solute in equilibrium suspension. The value 
of Cs was calculated by using the equation proposed by 
Fu et al (19). 
C S = - ( P M A (5.3) 
N (X/M) 
Where p is the density of the solvent (gram/ml), m is the 
molecular weight of the solvent, a is the cross sectional area of 
the solvent molecular (Cm^/molecule), N is the Avogadro's 
constant and X/M is the specific adsorption (mmoles/gram). 
The cross sectional area of the solvent molecule was calculated 
using the equation. 
A = 1.091 X 10-'^ f ^ ^ r (5-4) 
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The ratio of activity coefficient was assumed to be unity 
in the dilute range of the studies (20). As the concentration of 
the solute in the solution approached zero, the activity 
coefficient approached unity. Equation (5.2). 
lim 
Cs -> o Cs 
Ce = K, 
(5.5) 
The value of Ko were obtained by plotting In Cs/Ce 
versus Cs and extrapolating to zero the values of InCs/Ce and 
Cs for Hg (II), Pb (II) and Cd (11) are given in Table 5.15-5.26 
and are these plots are shown in figure (5.8-5.10). From the 
values of thermodynamic equilibrium constant, the free energy 
changes (AG°) during the sorption were calculated from the 
relationship (21). 
AG° = - RT In Ko (5.6) 
Where R is the universal gas constant and T is the 
absolute temperture. 
The standard enthalpy changes (AH°) was calculated by 
using the integrated from of the Von't Hoff equation. 
In AH° 
R 
1 1 
VT2 T, y 
(5.7) 
Where Ki and K2 are the thermodynamic equilibrium 
constant at temperature Ti and T2 respectively. 
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Figure 5.8 
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Figure 5.9 Plots of In Cs/Ce Vs Ce of Pb (II) on Duolite 
C-433. 
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Figure 5.10 Plots of In Cs/Ce Vs Ce of Cd (11) on Duolite 
C-433. 
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The enthalpy changes (AH°) values were evaluated from 
the plots of In Ko versus 1/T (figure 5. 11) and entropy changes 
(AS°) were calculated from AH° and AH° values using the 
equation. 
A S ° = ^ 5 1 ^ (3 3J 
The values of thermodynamic equilibrium constants, free 
energy changes, enthalpy changes, and entropy changes at 
20°C, 30°C, 40°C, 50°C for the sorption of Hg (II), Pb (II) and 
Cd (II) on Duolite C-433 are reported in table (5.29). These 
results show higher value of Ko from 20-40°C and the value of 
Ko decrease at 50°C. 
These results show negative value of AG° for the sorption 
of metal ions on Duolite C-433 at all temperature. The higher 
values of standard free energy (AG°) at 40°C followed 30° and 
20 C might be due to the existence for weak attractive forces 
and also confirms that the sorption process has a natural 
tendency to proceed spontaneously. 
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Figure 5.11. Determnation of enthalpy of sorption of Hg(ll), Pb(ll) 
and Cd(li) on Duolite C-433. 
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The positive values of AS° suggests an increased 
randomness at the solid/solution interface during the sorption 
process. The entropy (AS°) of the system changes with 
temperature. The lowest value of entropy was observed at 20°C 
and highest at 40°C. 
It is clear from these results that overall enthalpy change 
AH° of the system is negative which indicates that the sorption 
of metal ions on Duolite C-433 is exothermic and product is 
energetical ly stable with a high binding of metal ion to 
exchange site. 
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A new three component inorganic ion exchange material 
zirconium (IV) iodooxalate (ZIO) has been synthesized by adding 
a mixture of O.IM potassium iodate and O.IM oxalic acid to O.IM 
zirconium oxychloride in different volume ratios at pH 1. Among 
several samples synthesized, ZIO-6 is selected for detailed studies 
owing to its highest ion exchange capacity and chemical stability. 
The material has been characterized on the basis of chemical 
composition, pH-titration, FTIR and thermogravimetric studies. 
The ion exchange capacity of the material for Na* ion has been 
found to be 2.70 meq g~' dry exchanger. The ion exchange 
capacity varies and is found to be depend upon the crystal ionic 
radius of exchanging cations. The chemical stability of the 
material has been tested in acidic, neutral and basic media. The 
sorption studies of some metal ions have been made in distilled 
water and nitric acid. 
Zirconium phosphate type cation exchangers have 
been extensively studied and are well-known for their 
excellence as ion exchangers and for other chemical 
applications''^. Applications of synthetic inorganic ion 
exchangers in environmental analysis have been 
reviewed by Varshney''. 
The zirconium oxalate has been synthesized and 
used as ion exchanger by Medeiros'*. Zirconium 
phosphoiodate has been reported to show amphoteric 
behaviour^ but this material was mainly studied as 
electron exchanger. The radiochromatographic 
separation of Sc(III) was investigated employing 
zirconium phosphosilicate^. 
In recent years, a large number of zirconium(IV) 
based inorganic ion exchangers have been prepared 
and their applications have been studied by many 
researchers'"'. The present study is an attempt to 
explore the possibility of synthesizing a new 
inorganic ion exchanger, zirconium(IV) iodooxalate, 
which incorporates best qualities of zirconium(IV) 
oxalate, containing moieties to the extent of providing 
a better and cheaper ion exchange material useful in 
environmental analysis. 
E-mail: rawatjp@rediffmail.com 
Experimental 
Zr(IV) oxychloride and potassium iodate were 
obtained from S D fine Chem. Ltd. (India) and E 
Merck (India). All other chemicals and reagents used 
were of analytical, grade. pH measurements were 
performed using an Elico (India) LI-10 model pH-
meter. A Bausch & Lomb spectronic-20 spectrophoto-
meter was used for the determination of iodate. IR 
studies were made on a FTIR Nicolet 50X model. 
Thermal stability measurements were performed 
using muffle furnace. 
Synthesis of the ion exchange material 
The ion exchange material was synthesized by 
mixing 0.1 OM Zr(IV) oxychloride solution gradually 
to a mixture of potassium iodate and oxalic acid 
solution with continuous stirring in various mixing 
volume ratios and is given in Table 1. The gelatinous 
precipitate so obtained was allowed to settle down for 
24 h at room temperature. The supernatant liquid was 
removed and the precipitate was washed with distilled 
water and finally filtered under pressure. The product 
was dried at 40±1°C in an electric oven. The material 
was brokendown into small granules by placing in 
distilled water. The granules were converted into H"^  
form by treating with IM HNO3 solution for 24 h. The 
material was then washed several times with distilled 
water to remove any excess of acid and finally dried 
a t 4 0 ± r C . 
Determination of ion exchange capacity (lEC) 
The ion exchange capacity of the material for 
mono- and divalent metal ions was determined using 
standard method'" by eluting H"^  ions from the 
exchanger with solutions of different metal ions. The 
results are summarized in Table 2. 
The pH titration of material was performed by the 
method of Toppe and Pepper". In this method, 0.50 g 
of exchanger was equilibrated with varying amounts 
of 0. IM NaCl and NaOH solutions. 
Thermal stability of the material was evaluated by 
heating it at various temperatures for 1 h in a muffle 
furnace and the Na"^  ion exchange capacity in meq g'' 
dry exchanger was determined. 
To determine the chemical stability, ©.50 g of the 
exchanger was equilibrated with 50.0 mL of solutions 
of interest for 24 h at room temperature. The amount 
NOTES 1617 
Table 1—Synthesis and properties of zirconium(IV) iodooxalate 
Sample 
No. 
ZIO.l 
ZI0.2 
ZI0.3 
ZI0.4 
ZI0.5 
ZI0.6* 
Molar concentration 
Zr 
0.10 
O.IO 
0.10 
0.10 
0.10 
0.10 
I03 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
H2C204 
(M) 
0.10 
0.10 
0.10 
0.10 
O.IO 
0.10 
Mixing 
ratio 
v/v/v 
Zr:I03: 
H2C2O4 
1:1:1 
2:1:2 
1:2:1 
2:2:1 
1:3:1 
2:3:2 
pH 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
Appearance of 
precipitate 
White gelatinous 
White gelatinous 
White gelatinous 
White gelatinous 
White gelatinous 
White gelatinous 
Appearance of 
beads after drying 
at40°C 
White 
Yellowish white 
Yellowish white 
Yellowish white 
Yellowish white 
White shining 
Ion exchange 
capacity, 
(meq g"' dry 
exchanger for 
Na*) 
1.00 
1.20 
1.60 
2.02 
2.16 
2.70 
•Selected for detailed studies 
of zirconium and oxalate released were determined 
titrimetrically'^"'^ whereas the amount of iodate 
released was determined spectrophotometrically''' 
using pyrogallol as colouring reagent. 
To determine the chemical composition, 0.10 g of 
the exchanger was dissolved in minimum amount of 
cone. H2SO4 and then it was diluted upto 100 mL with 
distilled water. The amount of zirconium, oxalate and 
iodate were determined using the methods described, 
earlier'^ "'"'. 
The distribution studies of various metal ions in 
distilled water and nitric acid were carried out by the 
batch equilibrium technique. For this purpose, 0.50 g 
of the exchanger in H"^  form was equilibrated with 
25.0 mL of 0.05M solutions of different metal ions. 
The mixture was shaken for 6 h to attain 
equilibrium. The amount of metal ions left in the 
solutions was then determined by titrating against 
O.OIM EDTA solution'^ using appropriate indicators. 
The KD values of the metal ions were calculated 
using the following equation; 
" Fp M 
here IR and FR denote the volume of EDTA solution 
required before and after equilibrium respectively, V 
is the solution volume in mL and M is the mass of the 
exchanger in gram. 
Results and discussion 
Zirconium(IV) iodooxalate appears to be a 
promising ion exchange material with good ion 
exchange capacity. Table 1 describes the preparation 
and properties of ion exchange material. Sample ZIO-
6 was chosen for detailed studies owing to its higher 
ion exchange capacity and stability. The ion exchange 
Table 2—Ion exchange capacity (meq g~' dry exchanger) of 
zirconium(IV) iodooxalate for various cations 
Cations 
Li* 
Na* 
K* 
Mg^* 
Ca^* 
Sr^ * 
Ionization 
potential 
(eV) 
5.392 
5.139 
4.341 
7.646 
6.113 
3.596 
Crystal ionic 
radii (A) 
0.68 
0.95 
1.33 
0.65 
0.99 
1.13 
Ion exchange 
capacity meq g"'dry 
exchanger 
2.82 
2.70 
1.30 
1.56 
1.48 
1.26 
capacity was measured with different uni- and 
bivalent metal ions. The results are summarized in 
Table 2. These results indicate that ion exchange 
selectivity of the material is different for different 
cations. The lEC in meq g"' dry exchanger for various 
metal ions follows the order : Li* > 
Na*>K*>Mg^VCa^*>Sr^^ 
The pB titration curve of ZIO-6 performed in 
NaCl-NaOH system shows one inflexion point 
indicating that the exchanger is monofunctional. Here 
two proton-binding sites are expected from the two 
anionic groups associated with the matrix. 
In order to examine the effect of heating 
temperature on the ion exchange capacity, the 
material was heated at 40, 100, 200, 300, 400, 500 
and 600°C and ion exchange capacity for Na"^  was 
found to be 2.70, 2.20, 1.70, 1.30, 0.60, 0.40 and ~0 
meq g"' dry exchanger, respectively. These 
observations reveal that lEC decreases with 
increasing temperature. Varshney et al}^ reported 
similar results while studying the zirconium (IV) 
aluminophosphate. 
The material was found to be fairly stable in lower 
concentration of mineral acids such as HCl, H2SO4, 
HNO3 and acetic acid. The ion exchanger completely 
dissolved in 2M H2SO4 and 2M NaOH solution. 
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The chemical composition data of material suggests 
the molar ratio of Zr(IV); IO3 and C2O4H as 2:1:3 
which may point to the following tentative formula: 
[(ZrO)2 (IO3) (HC204)3.nH20] 
On the basis of thermal stability measurements, if 
we assume the weight due to presence of water 
molecules in the gel is 8.8% of the total weight, the 
number of such molecules(n) per mol of the 
exchanger can be determined on the basis of Alberti's 
equation'^ 
I8n = x(M +lSn) 
100 
here x is the percent water content and M+I8n, the 
molecular weight of the material. It gives the value of 
n as 2.34. 
In order to further characterize the material, its 
FTIR studies were performed at room temperature 
using KBr disc method. A very strong peak was 
observed in the region 3500-3000 cm"' which may be 
due to the lattice water, free water and free 0-H 
groups. Another peak in region 1700-1500 cm"' may 
be due to H-O-H bending. The peaks in region 1500-
1000 cm"' may be due to presence of oxalic acid. The 
peak at frequency 955.57 cm"' may be due to ZrO, 
and iodate band falls at frequency 817.68 cm"'. 
The distribution studies indicate that the material is 
selective for Ca(II) in comparison to other metal ions 
studied. The decreasing order of Kp values for various 
bivalant metal ions in distilled water, O.OIM HNO3 
and O.IOM HNO3 is given as follows: 
Ca^ "" > Ba^ ^ > Mg^^ > Sr^ ^ > Cd^^ > Pb^^ > Co' 2+ 
The KD value decreases as concentration of nitric 
acid increases. This behaviour can be useful for the 
separation of Ca(II) from other metal ions in 
environmental analysis. 
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A new three component inorganic ion exchange material 
zirconium (IV) iodooxalate (ZIO) has been synthesized by adding 
a mixture of O.IM potassium iodate and O.IM oxalic acid to O.IM 
zirconium oxychloride in different volume ratios atpH 1. Among 
several samples synthesized, ZIO-6 is selected for detailed studies 
owing to its highest ion exchange capacity and chemical stability. 
The material has been characterized on the basis of chemical 
composition, pH-titration, FTIR and thermogravimetric studies. 
The ion exchange capacity of the material for Na* ion has been 
found to be 2.70 meq g~' dry exchanger. The ion exchange 
capacity varies and is found to be depend upon the crystal ionic 
radius of exchanging cations. The chemical stability of the 
material has been tested in acidic, neutral and basic media. The 
sorption studies of some metal ions have been made in distilled 
water and nitric acid. 
Zirconium phosphate type cation exchangers have 
been extensively studied and are well-known for their 
excellence as ion exchangers and for other chemical 
applications''^. Applications of synthetic inorganic ion 
exchangers in environmental analysis have been 
reviewed by Varshney^. 
The zirconium oxalate has been synthesized and 
used as ion exchanger by Medeiros"*. Zirconium 
phosphoiodate has been reported to show amphoteric 
behaviour^ but this material was mainly studied as 
electron exchanger. The radiochromatographic 
separation of Sc(III) was investigated employing 
zirconium phosphosilicate^. 
In recent years, a large number of zirconium(IV) 
based inorganic ion exchangers have been prepared 
and their applications have been studied by many 
researchers'"'. The present study is an attempt to 
explore the possibihty of synthesizing a new 
inorganic ion exchanger, zirconium(IV) iodooxalate, 
which incorporates best qualities of zirconium(IV) 
oxalate, containing moieties to the extent of providing 
a better and cheaper ion exchange material useful in 
environmental analysis. 
E-mail: rawat_jp@rediffmail.com 
Experimental 
Zr(IV) oxychloride and potassium iodate were 
obtained from S D fine Chem. Ltd. (India) and E 
Merck (India). All other chemicals and reagents used 
were of analytical- grade. pH measurements were 
performed using an Elico (India) LI-10 model pH-
meter. A Bausch & Lomb spectronic-20 spectrophoto-
meter was used for the determination of iodate. IR 
studies were made on a FTIR Nicolet 50X model. 
Thermal stability measurements were performed 
using muffle furnace. 
Synthesis of the ion exchange material 
The ion exchange material was synthesized by 
mixing 0.1 OM Zr(IV) oxychloride solution gradually 
to a mixture of potassium iodate and oxalic acid 
solution with continuous stirring in various mixing 
volume ratios and is given in Table 1. The gelatinous 
precipitate so obtained was allowed to settle down for 
24 h at room temperature. The supernatant liquid was 
removed and the precipitate was washed with distilled 
water and finally filtered under pressure. The product 
was dried at 40±1°C in an electric oven. The material 
was brokendown into small granules by placing in 
distilled water. The granules were converted into YC 
form by treating with \M HNO3 solution for 24 h. The 
material was then washed several times with distilled 
water to remove any excess of acid and finally dried 
a t40±l°C. 
Determination of ion exchange capacity (lEC) 
The ion exchange capacity of the material for 
mono- and divalent metal ions was determined using 
standard method'" by eluting H"^  ions from the 
exchanger with solutions of different metal ions. The 
results are summarized in Table 2. 
The pH titration of material was performed by the 
method of Toppe and Pepper". In this method, 0.50 g 
of exchanger was equilibrated with varying amounts 
of O.IM NaCl and NaOH solutions. 
Thermal stability of the material was evaluated by 
heating it at various temperatures for 1 h in a muffle 
furnace and the Na"^  ion exchange capacity in meq g'' 
dry exchanger was determined. 
To determine the chemical stability, 0.50 g of the 
exchanger was equilibrated with 50.0 mL of solutions 
of interest for 24 h at room temperature. The amount 
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Table 1—Synthesis and properties of zirconium(IV) iodooxalate 
Sample 
No. 
ZIO.l 
ZI0.2 
ZI0.3 
ZI0.4 
ZI0.5 
ZI0.6* 
Molar concentration 
Zr 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
H2C204 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
Mixing 
ratio 
v/v/v 
Zr:I03: 
H2C2O4 
1:1:1 
2:1:2 
1:2:1 
2:2:1 
1:3:1 
2:3:2 
pU 
1.00 
1.00 
i.oa 
1.00 
1.00 
1.00 
Appearance of 
precipitate 
White gelatinous 
White gelatinous 
White gelatinous 
White gelatinous 
White gelatinous 
White gelatinous 
Appearance of 
beads after drying 
at 40°C 
White 
Yellowish white 
Yellowish white 
Yellowish white 
Yellowish white 
White shining 
Ion exchange 
capacity, 
(meq g"' dry 
exchanger for 
Na*) 
1.00 
1.20 
1.60 
2.02 
2.16 
2.70 
•Selected for detailed studies 
of zirconium and oxalate released were determined 
titrimetrically'^'^ whereas the amount of iodate 
released was determined spectrophotometrically''' 
using pyrogallol as colouring reagent. 
To determine the chemical composition, 0.10 g of 
the exchanger was dissolved in minimum amount of 
cone. H2SO4 and then it was diluted upto 100 mL with 
distilled water. The amount of zirconium, oxalate and 
iodate were determined using the methods described 
earlier"-''. 
The distribution studies of various metal ions in 
distilled water and nitric acid were carried out by the 
batch equilibrium technique. For this purpose, 0.50 g 
of the exchanger in H^ form was equilibrated with 
25.0 mL of 0.05M solutions of different metal ions. 
The mixture was shaken for 6 h to attain 
equilibrium. The amount of metal ions left in the 
solutions was then determined by titrating against 
0.0IM EDTA solution'^ using appropriate indicators. 
The KD values of the metal ions were calculated 
using the following equation; 
F„ M 
here IR and FR denote the volume of EDTA solution 
required before and after equilibrium respectively, V 
is the solution volume in mL and M is the mass of the 
exchanger in gram. 
Results and discussion 
Zirconium(IV) iodooxalate appears to be a 
promising ion exchange material with good ion 
exchange capacity. Table 1 describes the preparation 
and properties of ion exchange material. Sample ZIO-
6 was chosen for detailed studies owing to its higher 
ion exchange capacity and stability. The ion exchange 
Table 2—Ion exchange capacity (meq g ' dry exchanger) of 
zirconium(IV) iodooxalate for various cations 
Cations 
Li* 
Na* 
Mg' 
Ca^ ^ 
Sr^ * 
Ionization 
potential 
(eV) 
5.392 
5.139 
4.341 
7.646 
6.113 
3.596 
Crystal ionic 
radii (A) 
0.68 
0.95 
1.33 
0.65 
0.99 
1.13 
Ion exchange 
capacity meq g~'dry 
exchanger 
2.82 
2.70 
1.30 
1.56 
1.48 
1.26 
capacity was measured with different uni- and 
bivalent metal ions. The results are summarized in 
Table 2. These results indicate that ion exchange 
selectivity of the material is different for different 
cations. The lEC in meq g"' dry exchanger for various 
metal ions follows the order : Li"^  > 
Na^>K%Mg^^>Ca^%Sr^^ 
The pH titration curve of ZIO-6 performed in 
NaCl-NaOH system shows one inflexion point 
indicating that the exchanger is monofunctional. Here 
two proton-binding sites are expected from the two 
anionic groups associated with the matrix. 
In order to examine the effect of heating 
temperature on the ion exchange capacity, the 
material was heated at 40, 100, 200, 300, 400, 500 
and 600°C and ion exchange capacity for Na* was 
found to be 2.70, 2.20, 1.70, 1.30, 0.60, 0.40 and ~0 
meq g"' dry exchanger, respectively. These 
observations reveal that lEC decreases with 
increasing temperature. Varshney et a/.'^ reported 
similar results while studying the zirconium (IV) 
aluminophosphate. 
The material was found to be fairly stable in lower 
concentration of mineral acids such as HCl, H2SO4, 
HNO3 and acetic acid. The ion exchanger completely 
dissolved in 2Af H2SO4 and 2M NaOH solution. 
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The chemical composition data of material suggests 
the molar ratio of Zr(IV); IO3 and C2O4H as 2:1:3 
which may point to the following tentative formula: 
[(ZrO)2 (IO3) (HC204)3.nH20] 
On the basis of thermal stability measurements, if 
we assume the weight due to presence of water 
molecules in the gel is 8.8% of the total weight, the 
number of such molecules(n) per mol of the 
exchanger can be determined on the basis of Alberti's 
equation'^. 
18n = 
jc(M+18«) 
100 
here x is the percent water content and M+18n, the 
molecular weight of the material. It gives the value of 
n as 2.34. 
In order to further characterize the material, its 
FTIR studies were performed at room temperature 
using KBr disc method. A very strong peak was 
observed in the region 3500-3000 cm"' which may be 
due to the lattice water, free water and free 0-H 
groups. Another peak in region 1700-1500 cm"' may 
be due to H-O-H bending. The peaks in region 1500-
1000 cm"' may be due to presence of oxalic acid. The 
peak at frequency 955.57 cm"' may be due to ZrO, 
and iodate band falls at frequency 817.68 cm"'. 
The^distribution studies indicate that the material is 
selective for Ca(II) in comparison to other metal ions 
studied. The decreasing order of KD values for various 
bivalant metal ions in distilled water, O.OIM HNO3 
and O.IOM HNO3 is given as follows: 
Ca^^> Ba^*> Mg^^> Sr^^> Cd^^> Pb^^> Co^^ 
The KD value decreases as concentration of nitric 
acid increases. This behaviour can be useful for the 
separation of Ca(II) from other metal ions in 
environmental analysis. 
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Abstract 
Samples of zirconium(IV) iodovanadate have been synthesized under varying mixing ratios by adding a mixture of 
aqueous solution of O.t M potassium todate and O.l M sodium metavanadate to aqueous solution of 0.1 M zirconium 
oxychloride at pH 1. The ion exchange capacity of the material for Na"*" ion was found to be 2.20 meq g~' of dry 
exchanger. The material has been characterized on the basis of chemical composition, FTIR and TGA. The chemical 
stabihty of the product has been checked in neutral, acidic and basic media. The product has been used as electron ion 
exchanger. The oxidation of Fe(ll), Sn(Il), ascorbic acid and thioglycohc acid was achieved by batch-equilibrium 
techmque successfully. The maximum redox capacity of the exchanger has been found to be 4.20 meq g ~' of exchanger 
by column process. 
'W ir2002T'ublisKed"BjrErsevief-Scrertce-B-V 
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1. Introduction 
Extensive studies on the synthetic inorganic ion 
exchangers have proved their potential in solving 
diverse problems of environmental and analytical 
chemistries [1-3]. Acidic salts of multivalent 
metals, prepared in combination with anions of 
phosphate, tungustatc, arsenate, tellurate etc. as 
two component ion exchangers have been studied 
most intensively [4,5] Phosphate and arsenate of 
zirconium [5,6] show good thermal and chemical 
stabilities while little work has been done on 
• Corresponding author Tel +91-571-403144 
E-mail address rawat jp@redifrmail com (J P Rawat) 
zirconium vanadate [7]. The inorganic ion exchan- 33 
gers based on three components have been found 34 
to show relative increased ion exchange capacity 35 
(lEQ and selectivity [8-11]. 36 
Electron exchangers are solid oxidation and 37 
reduction agents. The reactivity of redox ion 38 
exchangers is due to the built in functional 39 
exponents which can be reversibly oxidized and 40 
reduced. The advantage of electron ion exchangers 41 
over dissolved oxidizing and reducing agents is 42 
their insolubility in reaction medium, thus inter- 43 
ferences caused by the unreacted redox substances 44 
can be easily removed, so the solution is free from 45 
contamination of a redox agent or its product. 46 
Another advantage is that they are readily regen- 47 
erated after the use. Many synthetic inorganic ion 48 
0039-9140/02/$ - see front matter © 2002 Published by Elsevier Science B V 
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49 exchangers have been used as electron ion ex-
50 changers [12-16]. 
51 In this manuscript, we describe the synthesis and 
52 ion exchange properties of a new inorganic ion 
53 exchange material zirconium(IV) iodovanadate. 
54 The material also behaves as electron ion exchan-
55 ger. Oxidation of Fe(II), Sn(II) ascorbic acid and 
56 thioglycolic acid have been achieved on this 
57 material. 
58 2. Experimental 
59 2.1. Reagents and chemicals 
60 Zirconiimi oxychloride and potassium iodate 
61 were obtained from S.D. fine chem. Ltd. and 
62 E.Merck (India), respectively. All other chemicals 
63 and reagents used were of Anal R grade. 
64 2.2. Instrumentation 
65 pH measurements were performed using an 
66 £iico(India) LI-10 model pH meter. Spectropho-
67 tometry was done on a Bausch and Lomb spectf o-
68 nic-20 spectrophotometer. IR studies were made 
69 using an FTIR Nicolet SOX model and thenrio-
70 gram was run on Thermal analyzer 2100 with 
71 module 951 thermogravimetric analyzer. For equi-
72 librium studies temperature controlled shaker 
73 (Elico) was used. 
74 2.3. Synthesis of the ion exchange material 
75 The material was synthesized by adding a 
76 mixture of 0.1 M potassium iodate and 0.1 M 
77 sodium metavanadate solution to 0.1 M zirconiu-
78 m(IV) oxychloride solution with continuous stir-
79 ring to obtain a gel. The desired pH was adjusted 
80 by adding dilute H Q or NH3 solutions. The gel 
81 was aged in the mother liquor for 24 h at room 
82 temperature and filtered under suction. The excess 
83 acid was removed by washing with demineraljzed 
84 water (DMW) and it was kept in an oven at 40 ± 
85 1 "C for drying. The dried product was then 
86 cracked into small granules by putting in DMW, 
87 which was converted into the H"*" form by treating 
88 with 1 M HNO3 for 24 h at room temperature. The 
material was finally washed with D M W to remove 89 
any excess of acid. 90 
2.4. Ion exchange capacity 91 
The lEC of the material was determined by the 92 
column process 1.0 g of the exchanger (H"*" form) 93 
was packed in a column and washed with DMW to 94 
remove any excess of acid remained sticking on the 95 
particles. Two-hundred and fifty milliliter of 1.0 M 96 
solution of different salts was passed through the 97 
column maintaining the flow rate 1 ml m i n " ' . The 98 
effluent was collected and titrated against a 99 
standard NaOH solution to determine the total 100 
H * ions released. lOl 
2.5. pH titration 102 
The pH titration of the ion exchanger (ZIV-4) in 103 
H"*" form was performed in N a C l - N a O H system 104 
at 30 "C by usual method [17]. 105 
2.6. Chemical stability 106 
To determine the extent of dissolution of the 107 
material in different mineral acids, organic acids^ 108 
and bases, a 0.50 g of material was equilibrated 109 
with 50.0 ml of solution of interest for 24 h at 110 
30 °C. The amounts of zirconium and vanadate 111 
were determined volumetrically [18,19] whereas 112 
amount of iodate released was determined spectro- 113 
photometrically using pyrogallol [20] as colouring 114 
reagent. 115 
2.7. Chemical composition 116 
For the determination of chemical composition 117 
of the sample ZIV-4, 0.10 g of exchanger was 118 
dissolved in minimum amount of concentrated 119 
H2SO4. The solution was diluted to 100 ml with 120 
DMW. The zirconium and iodate were determined 121 
spectrophotometrically using Alizarin Red-S [20] 122 
and pyrogallol [20] as colouring reagents, respec- 123 
tively, and vanadate was determined volumetri- 124 
cally using potassium permanganate as the titrant 125 
[19]. The mole ratio of Zr, IO3 and VO3 was found 126 
to be 2:1:3. 127 
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2.5. Thermal treatment 128 
For thermal stability several 1.0 g samples of the 129 
exchanger were heated for 1 h each at various 130 
temperatures in a muffle furnace and the Na "*" lEC 131 
was determined as usual by the column process. 132 
2.9. X-ray study 
2.10. Rate of oxidation 
In order to determine the rate of oxidation, a 
fixed amount of exchanger was shaken with the 
solution concerned. After appropriate intervals of 
time, the contents of the flasks were filtered and 
oxidized species formed were determined. 
2.11. Redox studies 
Oxidation of Fe(II), Sn(II), ascorbic acid and 
thioglycolic acid to their respective higher oxida> 
tion states were performed by shaking the ex-
changer (0.5 g) with their solutions for 6 h. Each 
substrate was determined by standard method [21] 
and the total amount oxidized by the exchanger 
was evaluated. 
3. Results and discussion 
Zirconium(IV) iodovanadate appears to be a 
promising ion exchanger as well as electron 
exchanger having good lEC and redox capacity. 
Table I describes the preparation and properties of 
the material. Sample ZIV-4 was chosen for de-
tailed studies owing to its higher lEC and chemical 
stability. 
The ion exchange capacities for alkali and 
alkaline earth metal ions are shown in Table 2. It 
is evident from the table that the affinity sequence 
for alkali metal ions isK'' '>Na"^>Li"'" and for 
»2 + >Sr 2 + alkaline earth metal ions is Ba'' 
Ca^ "*^  >Mg^'*'. This sequence is in accordance 
with the hydrated radii of the exchanging ions. 
133 
X-ray studies were carried out using a Philips 134 
PW1730 high angle diffractometer (Poland) with 135 
Cu-Ka(Ni filter) radiation. 136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
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Table 2 
lEC orzirconium(IV) iodovandate for various cations 
Cations 
Li+ 
Na+ 
K + 
Mg^* 
Ca^  + 
Sr'^ 
Ba' + 
Hydrated 
10.0 
7.90 
5.30 
10.80 
9.60 
9.40 
8.80 
radii (A) lEC (meq g~ 
1.70 
2.20 
2.40 
1.30 
1.36 
1.40 
1.52 
' exchanger) 
166 The ions with smaller hydrated radii easily enter 
167 the pores of exchanger, resulting in higher adsorp-
168 tion [22]. 
169 The pH titration curve (Fig. 1) show^s that the 
170 ion exchanger material releases H"^ ions easily on 
171 addition of NaCl solution to the system in neutral 
172 medium, which is indicated by a pH value ~ 4.0 of 
173 the solution. As the volume of NaOH added to the 
174 system is increased, more OH ~ ions are consumed 
175 suggesting in the increase of the rate of ion 
176 exchange in basic medium due to the removal of 
177 H"^ ions from the external solution. Further, the 
178 titration curve showed a mono functional beha-
viour of the exchanger. The lEC calculated from 179 
the titration curve at pH 7.0 was 2.3 meq g ~ ' of 180 
exchanger which is in close agreement to those 181 
obtained by the colunm method. 182 
The effect of heating on lEC of zirconium(IV) 183 
iodovanate has been compared with that of 184 
similarly treated zirconium(IV) iodomolybdate 185 
and tin(IV) iodophosphate. It is apparent from 186 
Fig. 2 that in comparison with other ion exchan- 187 
gers containing iodo group, the zirconi\mi(IV) 188 
iodovanadate has the highest lEC when the 189 
material is dried at 40 °C and this trend follows 190 
upto 300 "C. A comparison of l E C of different 191 
materials dried at 300 "C shows the sequence: 192 
zirconium(IV) iodovanadate > zirconium(IV) 193 
iodomolybdate > tin(IV) iodophosphate. 194 
The material was found to be fairly stable in 195 
lower concentration of H Q , HNO3, H2SO4 and 196 
also quite-stable m organic acids like formic acid 197 
and acetic acid. The material was completely 198 
dissolved in 2 M KOH/NaOH (Table 3). 199 
The thermogram of 2irconium(IV) iodovana- 200 
date (Fig. 3) reveals some interesting informations. 201 
The derivative curve exhibits two peaks with 202 
2 3 
m moles of Ohr ions added 
Fig. 1. pH titration curve of zirconium(IV) iodovanadate. 
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Fig. 2. Plot of lEC against drying temperature. 
203 temperahire maxima at 90 and 515.82 °C. Corre-
204 spending to two distinct weight losses. The ex-
205 temal water molecules is lost upto 145 °C as 
206 indicated by the first peak of the derivative curve 
207 which corresponds to weight loss of 10.71%. 
208 Further, loss in weight is observed from 145 to 
209 491 °C which is attributed to the condensation of 
210 IO3 group into I2O5 [22,23]. The corresponding 
211 weight loss is 4.60% which is comparable to the 
212 theoretical value i.e. 4.57% calculated from the 
213 proposed formula. The lEC of the material dried 
214 at 200 "C is 1.4 meq g~'. The decrease in lEC is 
215 due to the conversion of IO3 into I2O5. At 500 °C 
216 the lEC decreases to 80% of the original value. 
217 Lastly, there is an abrupt weight loss from 491.08 
218 to 545.27 °C indicating the volatilization of iono-
219 genie groups. Beyond 600 °C, the weight becomes 
220 constant owing to the formation of metal oxide. 
221 In order to further characterization of the 
222 material, its FTIR study (Fig. 4) was performed 
223 at room temperature using KBr disc method. The 
224 strong and broad band in the region 3600-3000 
225 cm~' may be assigned to interstitial water mole-
226 cule and -OH group [24]. Another strong and 
227 sharp peak with maximum at 1627 cm~' may be 
Table 3 
Chemical stability of ziiconium(IV) todovaoadate in different 
solutions at 30 °C 
Solution Amount released mg per SO ml 
Zr(IV) 10,- VO3-
DMW 0.00 0.00 0.00 
1 M HCl 5.50 7.10 8.20 
2MHC1 11.30 15.00 15.50 
1 M HNO3 4.80 6.50 5.40 
2MHNO3 10.00 14.20 11.20 
IMHjSO, 10.40 11.50 11.00 
2MH2SO4 20.00 23.10 21.20 
2MCH3COOH 0.00 5.50 0.00 
2MHCOOH 0.00 5.00 6.25 
2 M NaOH Completely dissolved 
2 M KOH Completely dissolved 
due to H - O - H bonding. The spectrum also shows 
strong band in region 830-500 cm~' indicating 
the presence of iodate, vanadate and metal oxide 
[25-27]. 
X-ray diffraction pattern of zirconium(IV) io-
dovanadate in H"*" from reveals the fact that the 
exchanger is amorphous. 
228 
229 
230 
231 
232 
233 
234 
v:/Elsevier Science/Shannonn'al/articles/tal6445n'AL6445.3d[z] 8 November 2002 14:8:50 
ARTICLE IN PRESS 
p. Singh et at. I Talanta 00 (2002) 1-10 
120*1 
100-
g 80-
r 
a 
^4 
* 60-
40-
C 
' ^ \ 1 
'^^ '•^  J 
13.61 X 
• 
X - \ ^ 
> adc 
A 
1 
L^ iJ ^ii.OH'r 
J \ S0.5S X 
ai5.B2*Ctj)-V I 
V\._ 
400 600 
1 
BOO 
-20 
-1*5 
, 
-10 
• 
-B 
-0 
—.R 
1000 
E 
>s 
M 
C 
o 
a O 
Tamp^rBture I'C) 
Fig. 3. Thermogram of zirconium(rv) iodovanadate. 
235 The zircoiiium(lV) iodovanadate has been pre-
236 pared at pH 1 and the following equilibrium is 
237 known to exist [28] for vanadium at the pH of the 
238 preparation of exchanger material. 
239 3[V03(OH)]^- + SH"^ ^ V j O ^ - + SH^O 
(A: = IO-*^) 
On the basis of chemical composition, lEC, 
240 FTIR, TGA and aq ueous chemistry of vanadate, a 
241 tentative formula for zirconium(IV) iodovanadate 
242 may be written as: 
243 (ZrO)2(I03)(V30,)KH20 
It was observed from thermogravimetric analy-
244 sis that the weight loss due to the presence of water 
245 molecules in the gel is 10.71%. The number of such 
246 molecules (n) per mole of exchanger can be 
247 computed from Alberti's equation [29]. 
248 18« = 
X{M + 18w) 
100 
Where X is the percent water content and M + 1 8 , 
is the molecular weight of the material. It gives the 249 
value of 'n ' as 4.6. 250 
3.1. Redox .studie.s 251 
It is clear from Fig. 5 that only 60 min are 252 
required for the complete conversion of Fe(II) - 253 
Fe(III) by batch process. The results in Tables 4 - 7 254 
show that zu-conium(IV) iodovanadate has a 255 
remarkable oxidizing property. 256 
In zirconium(IV) iodovanadate, it is IOf"/l2 257 
couple which is responsible for oxidation process. 258 
The material has been utilized for oxidation of 259 
Fe(II) and Sn(II), to their higher oxidation state 260 
and ascorbic acid and thioglycolic acid to deas- 261 
corbie acid and dithioglycolic acid, respectively 262 
Fig. 6. 263 
It was found that material could not be used for 264 
oxidation of Ce"VCc'^ couple because redox 265 
potential of Ce"VCe'^ ( £ " = 1 . 2 3 V) is higher 266 
than that of IO3-/I2 {1^ = 1.20 V). 267 
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Fig. 5. FTIR spectrum of zirconiuin(rV) iodovandate. 
Table 4 
Oxidation of Fe(II)-FeaiI) 
S.no. Exchanger (g) Amount of Fe(n) taken (meq) Amount of Fe(III) found (meq) 
0.500 
0.500 
0.500 
0.500 
0.500 
0.046 
0.092 
0.138 
0.184 
0.230 
0.045 
0.086 
0.132 
0.178 
0.215 
Table 5 
Oxidation of Sn(n)-Sn(IV) 
S.no. Exchanger (g) Amount of Snfll) taken (meq) Amount of Sn(rV) found (meq) 
1 
2 
3 
4 
5 
0.500 
0.500 
0.500 
0.500 
0.500 
0.0475 
0.0950 
0.1425 
0.190 
0.2375 
0.0456 
0.0910 
0.1228 
0.175 
0.220 
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Table 6 
Oxidation of ascorbic acid to deascorbic acid 
S.no. Exchanger (g) Amount of CeHjOs taken (meq) Amount of C«H«06 found (meq) 
1 
2 
3 
4 
5 
0.500 
0.500 
0.500 
0.500 
0.500 
0.0425 
0.0850 
0.1275 
0.1700 
0.2125 
0.0385 
0.0825 
0.1250 
0.1680 
0.2080 
Table 7 
Oxidation of thiogtycolic acid to dithioglycolic acid 
S.no. Exchanger (g) Amount of CH2SCOOH taken (meq) Amount of (SCHjCOOH)! found (meq) 
1 
2 
3 
4 
5 
0.500 
0.500 
0.500 
0.500 
0.500 
0.0450 
0.0900 
0.1350 
0.1800 
0.2250 
0.0450 
0.0850 
0.1250 
0.174 
0.220 
2.5 
? 
r 
S 
d 
f 
•5 
20 40 60 (0 100 120 140 100 
Time (mlnutas) 
Fig. 6. Rate of oxidation of Fe(II)-Fe{III)-
268 In zirconium(IV) iodovanadate iodate group is 
269 bonded at a place which is available for electron 
270 exchange with lO^llj couple and responsible for 
oxidation of the substrate of a suitable redox 271 
potential. The material can be regenerated by 272 
passing nitric acid. 273 
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